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EP 3 409 660 A1
Description

BACKGROUND OF THE INVENTION

Field of the Invention
[0001] The present invention relates to a cyclic amine derivative and medical use thereof.
Background Art

[0002] An autoimmune disease is a general term for diseases in which excessive immune responses attack an indi-
vidual’s own normal cells and tissues, resulting in symptoms, and examples thereof include multiple sclerosis, psoriasis,
rheumatoid arthritis, systemic lupus erythematosus, ankylosing spondylitis, uveitis, or polymyalgia rheumatica.

[0003] An allergic disease is a disease derived from excessive immune responses to specific antigens, and examples
thereof include allergic dermatitis, atopic dermatitis, allergic rhinitis (pollinosis), allergic conjunctivitis, allergic gastroen-
teritis, bronchial asthma, childhood asthma, or food allergy.

[0004] Various mechanisms have been proposed for the onset and progress of autoimmune diseases and allergic
diseases. As one of these mechanisms, it is known that Th17 cells, which is one of a subset of helper T cells, and IL-
17, which is an inflammatory cytokine produced by Th17 cells, play an important role in the onset and progress of
autoimmune diseases and allergic diseases (Non-Patent Documents 1 and 2).

[0005] IL-17 acts on various cells, such as fibroblasts, epithelial cells, vascular endothelial cells, and macrophages,
and is involved in the induction of inflammatory cytokines, chemokines, metalloproteases and other inflammatory me-
diators and the migration of neutrophils. Therefore, it is considered that potent anti-inflammatory effects are shown if
the production or function of IL-17 can be suppressed, and clinical studies of anti-IL-17 antibodies with indications for
various autoimmune diseases have been conducted.

[0006] Recently, it became clear that retinoid-related orphan receptor y (hereinafter referred to as RORYy), which is a
nuclear receptor, functions as a transcription factor essential for the differentiation and proliferation of Th17 cells and
the expression of IL-17 (Non-Patent Document 3), and it was shown that suppression of the expression or function of
RORYy results in suppression of the differentiation and activation of Th17 cells and the production of IL-17 (Non-Patent
Document 4).

[0007] It has been reported that the expression level of RORYy in peripheral blood mononuclear cells or skin tissue in
patients with autoimmune diseases (multiple sclerosis, psoriasis, systemic lupus erythematosus, etc.) or patients with
allergic diseases (allergic dermatitis, etc.) is higher than that of healthy individuals (Non-Patent Documents 5 to 7). It
has been reported that, in a knockout mouse of RORYy, the pathological state of a mouse experimental autoimmune
encephalomyelitis model, which is an animal model of multiple sclerosis, is suppressed and that symptoms of autoimmune
diseases, such as colitis, and symptoms of allergic diseases, such as asthma, are suppressed (Non-Patent Documents
3,8 and9).

[0008] Furthermore, it is suggested that binding between RORy and a coactivator is necessary for RORy to function
as a transcription factor (Non-Patent Document 10). Therefore, an RORy antagonist, which is a compound that inhibits
the binding between RORy and a coactivator, is expected to be useful as a therapeutic agent or preventive agent for
autoimmune diseases or allergic diseases.

[0009] On the other hand, as the RORy antagonist, N-(5-(N-(4-(1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-yl)phenyl)s
ulfamoyl)-4-methylthiazol-2-yl)acetamide (Non-Patent Document 11), substituted azole derivatives (Patent Document
1), such as 6-(2-chloro-4-methylphenyl)-3-(4-cyclopropyl-5-(3-neopentylcyclo butyl)isoxazol-3-yl)-5-oxohexanoic acid,
and sulfonylbenzene derivatives (Patent Document 2), such as N-(5-(2-chlorobenzoyl)-4-(3-chlorophenyl)thiazol-2-yl)-
2-(4-(ethyl sulfonyl)phenyl)acetamide, have been reported previously, but compounds having a cyclic amine structure,
such as 1-substituted piperidine-2-carboxamide, have not been disclosed.

[0010] Asthecompound havinga cyclicamine structure, such as 1-substituted piperidine-2-carboxamide, (S)-1-(2-(3,3-
difluoropyrrolidin-1-yl)acetyl)-N-(1-ethyl-5-phenyl-1 H-1,2,4-triazol-3-yl)piperidine-2-carboxamide, etc. has been report-
ed as a cannabinoid 2 receptor agonist (Patent Document 3), and (R)-N-(5-benzyl-4-phenylthiazol-2-yl)-1-(2-cyclopenty-
lacetyl)piperi dine-2-carboxamide, etc. has been reported as an acyl-coenzyme A: diacylglycerol acyltransferase 1 in-
hibitor (Patent Document 4), but the effects of these compounds on RORy have been neither disclosed nor suggested.
[0011] As the therapeutic agent or preventive agent for multiple sclerosis, (S)-(3-(5-(4-fluorobenzyl)-1,2,4-oxadiazol-
3-yl)piperidin-1-yl)(4-fluorophenyl)methanone, etc. has been reported as a positive allosteric modulator of a metabotropic
glutamate receptor (Patent Document 5), but concrete data on the drug efficacy of these compounds on multiple sclerosis
have not been shown at all, and the usefulness has not been shown at all. In the Patent Document 5, the effects of these
compounds on RORy have been neither disclosed nor suggested, and compounds having a 1-substituted piperidine-2-
carboxamide structure have not been disclosed.
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Prior Art Document
[Patent Document]
[0012]

[Patent Document 1] JP 2012-236822 A
[Patent Document 2] WO 2012/027965
[Patent Document 3] WO 2010/096371
[Patent Document 4] WO 2010/007046
[Patent Document 5] WO 2006/129199

[Non-Patent Document]
[0013]

[Non-Patent Document 1] Chen et al., International Immunopharmacology, 2011, Vol. 11, p.536-542

[Non-Patent Document 2] Hofmann et al., Current Opinion in Allergy and Clinical Immunology, 2016, Vol. 16,
p.451-457

[Non-Patent Document 3] Ivanov et al., Cell, 2006, Vol. 126, p.1121-1133

[Non-Patent Document 4] Jetten, Nuclear Receptor Signaling, 2009, Vol. 7, e003

[Non-Patent Document 5] Hamzaoui et al., Medical Science Monitor, 2011, Vol. 17, p.CR227-234

[Non-Patent Document 6] Ma et al., Journal of the European Academy of Dermatology and Venereology, 2014, Vol.
28, p.1079-1086

[Non-Patent Document 7] Zhao et al., British Journal of Dermatology, 2009, Vol. 161, p.1301-1306

[Non-Patent Document 8] Leppkes et al., Gastroenterology, 2009, Vol. 136, p.257-267

[Non-Patent Document 9] Jetten et al., The Journal of Immunology, 2007, Vol. 178, p.3208-3218

[Non-Patent Document 10] Li et al., Molecular Endocrinology, 2010, Vol. 24. p.923-929

[Non-Patent Document 11] Burris et al., Nature, 2011, Vol. 472, p.491-494

SUMMARY OF THE INVENTION

[0014] Forthe actual treatment of autoimmune diseases and allergic diseases, steroids or immunosuppressive agents
acting on the whole immune system are used as internal medicines. However, due to concerns about serious side
effects, such as infection, currently there are many clinical cases in which administration must be discontinued before
sufficient drug efficacy is obtained. Therefore, it is desired to develop a new medicament targeted to a molecule playing
an important role in the mechanism of the onset and progress of autoimmune diseases and allergic diseases.

[0015] Therefore, an object of the present invention is to provide a novel compound having RORy antagonist activity.
Another object of the present invention is to provide a therapeutic agent or preventive agent for an autoimmune disease
or allergic disease based on the effect to suppress the function of RORy by RORy antagonist activity.

[0016] The presentinventors have intensively studied so as to solve the above-mentioned problems and found a novel
cyclic amine derivative having RORy antagonist activity, thereby completing the present invention.

[0017] That s, the present invention provides a cyclic amine derivative represented by the following formula (1):

R1

wherein

R’ represents an alkyloxy group having 1 to 3 carbon atoms, any 1 to 3 hydrogen atoms of which are optionally
substituted with a halogen atom(s);

R2 represents a halogen atom;

R3 represents a hydrogen atom, a halogen atom, or a hydroxy group;
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R4 represents a hydrogen atom or a halogen atom;

X represents -C(=0)-(CH,),-R® or -S(=0),-R5;

n is an integer of 0 to 5;

R represents a hydrogen atom, -OR7, -SR7, -S(=0),-R7, -C(=0)-OR7, -N(R7)R8, an alkyl group having 1 to 3 carbon
atoms, any 1 to 3 hydrogen atoms of which are optionally substituted with a halogen atom(s), or a heteroaryl group,
any hydrogen atom(s) of which is/are optionally substituted with an alkyl group(s) having 1 to 3 carbon atoms;

RS represents an alkyl group having 1 to 5 carbon atoms;

R represents a hydrogen atom or an alkyl group having 1 to 3 carbon atoms, any 1 to 3 hydrogen atoms of which
are optionally substituted with a halogen atom(s); and

R8 represents a hydrogen atom, an alkyl group having 1 to 3 carbon atoms, an acyl group having 2 to 4 carbon
atoms, or an alkylsulfonyl group having 1 to 3 carbon atoms,

or a pharmacologically acceptable salt thereof.

[0018] In the cyclic amine derivative represented by the general formula (1) mentioned above, it is preferable that R?
is an alkyloxy group having 1 to 3 carbon atoms, any 1 to 3 hydrogen atoms of which are optionally substituted with a
fluorine atom(s) or a chlorine atom(s), R2 is a fluorine atom or a chlorine atom, R3 is a hydrogen atom, a fluorine atom,
a chlorine atom, or a hydroxy group, R4 is a hydrogen atom, a fluorine atom, or a chlorine atom, RS is a hydrogen atom,
-OR7, -SR7, -S(=0),-R7, -C(=0)-ORY, -N(R7)R8, an alkyl group having 1 to 3 carbon atoms, any 1 to 3 hydrogen atoms
of which are optionally substituted with a fluorine atom(s) or a chlorine atom(s), or a heteroaryl group, any hydrogen
atom(s) of which is/are optionally substituted with a methyl group(s), R8 is an alkyl group having 1 to 3 carbon atoms,
and R7 is a hydrogen atom or an alkyl group having 1 to 3 carbon atoms, any 1 to 3 hydrogen atoms of which are
optionally substituted with a fluorine atom(s) or a chlorine atom(s).

[0019] In this case, higher RORy antagonist activity can be expected.

[0020] In the cyclic amine derivative represented by the general formula (I) mentioned above, it is more preferable
that R' is a methoxy group, any 1 to 3 hydrogen atoms of which are optionally substituted with a fluorine atom(s), RZ is
a fluorine atom or a chlorine atom, R3 is a hydrogen atom, a fluorine atom, or a hydroxy group, R4 is a hydrogen atom
or a fluorine atom, n is an integer of 0 to 4, R% is a hydrogen atom, -OR7, -N(R7)R8, an alkyl group having 1 to 3 carbon
atoms, any 1 to 3 hydrogen atoms of which are optionally substituted with a fluorine atom(s), or a 5-membered ring
heteroaryl group, any hydrogen atom(s) of which is/are optionally substituted with a methyl group(s), R® is a methyl
group or an ethyl group, R7 is a hydrogen atom or an alkyl group having 1 to 3 carbon atoms, any 1 to 3 hydrogen atoms
of which are optionally substituted with a fluorine atom(s), and R® is a hydrogen atom, a methyl group, an acyl group
having 2 to 4 carbon atoms, or an alkylsulfonyl group having 1 to 3 carbon atoms.

[0021] In this case, higher RORy antagonist activity can be expected, and furthermore, an excellent therapeutic effect
or preventive effect in autoimmune diseases, such as multiple sclerosis or psoriasis, or allergic diseases, such as allergic
dermatitis, can be expected.

[0022] In the cyclic amine derivative represented by the general formula (1) mentioned above, it is still more preferable
that R' is a trifluoromethoxy group, R? is a chlorine atom, R3 is a hydrogen atom, R* is a hydrogen atom, X is
-C(=0)-(CH,),-R5, n is an integer of 0 to 3, R is a methyl group, a trifluoromethyl group, -N(R7)R8, or an imidazolyl,
triazolyl, or tetrazolyl group, any hydrogen atom(s) of which is/are optionally substituted with a methyl group(s), R is a
hydrogen atom, a methyl group, or an ethyl group, and R8 is a hydrogen atom, a methyl group, an acetyl group, a
propionyl group, a methylsulfonyl group, or an ethylsulfonyl group.

[0023] In this case, higher RORy antagonist activity can be expected, and furthermore, an excellent therapeutic effect
or preventive effect in autoimmune diseases, such as multiple sclerosis or psoriasis, or allergic diseases, such as allergic
dermatitis, can be expected.

[0024] The presentinvention provides a medicament and an RORy antagonist, each of which contains the cyclic amine
derivative represented by the general formula (I) mentioned above or a pharmacologically acceptable salt thereof as an
active ingredient.

[0025] The abovementioned medicament is preferably a therapeutic agent or preventive agent for an autoimmune
disease or an allergic disease, more preferably a therapeutic agent or preventive agent for multiple sclerosis or psoriasis
as the abovementioned therapeutic agent or preventive agent for an autoimmune disease, more preferably a therapeutic
agent or preventive agent for allergic dermatitis as the abovementioned therapeutic agent or preventive agent for an
allergic disease, and more preferably a therapeutic agent or preventive agent for contact dermatitis or atopic dermatitis
as the abovementioned therapeutic agent or preventive agent for allergic dermatitis.

[0026] Since the cyclic amine derivative of the present invention or a pharmacologically acceptable salt thereof has
RORYy antagonist activity, it can effectively suppress the function of RORy and can be used as a therapeutic agent or
preventive agent for autoimmune diseases or allergic diseases.
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FIG. 1is a graph showing the suppressive effect of the compound of Example 20 on the increase in the neurological
symptom score in a mouse experimental autoimmune encephalomyelitis model.

FIG. 2 is a graph showing the suppressive effect of the compound of Example 29 on the increase in neurological
symptom score in a mouse experimental autoimmune encephalomyelitis model.

FIG. 3 is a graph showing the suppressive effect of the compound of Example 57 on the increase in the neurological
symptom score in a mouse experimental autoimmune encephalomyelitis model.

FIG. 4 is a graph showing the suppressive effect of the compound of Example 20 on the increase in ear thickness
in an imiquimod-induced mouse psoriasis model.

FIG. 5 is a graph showing the suppressive effect of the compound of Example 29 on the increase in ear thickness
in an imiquimod-induced mouse psoriasis model.

FIG. 6 is a graph showing the suppressive effect of the compound of Example 57 on the increase of ear thickness
in an imiquimod-induced mouse psoriasis model.

FIG. 7 is a graph showing the suppressive effect of the compound of Example 20 on the increase in ear swelling
rate in a dinitrofluorobenzene-induced mouse allergic dermatitis model.

FIG. 8 is a graph showing the suppressive effect of the compound of Example 29 on the increase in ear swelling
rate in a dinitrofluorobenzene-induced mouse allergic dermatitis model.

FIG. 9 is a graph showing the suppressive effect of the compound of Example 57 on the increase in ear swelling
rate in a dinitrofluorobenzene-induced mouse allergic dermatitis model.

FIG. 10 is a graph showing the suppressive effect of the compound of Example 20 on the increase in ear thickness
in an oxazolone-induced mouse atopic dermatitis model.

FIG. 11 is a graph showing the suppressive effect of the compound of Example 29 on the increase in ear thickness
in an oxazolone-induced mouse atopic dermatitis model.

FIG. 12 is a graph showing the suppressive effect of the compound of Example 57 on the increase in ear thickness
in an oxazolone-induced mouse atopic dermatitis model.

DETAILED DESCRIPTION OF THE INVENTION

[0028] The cyclic amine derivative of the present invention is characterized by being represented by the following
general formula (1):

R1

wherein

R’ represents an alkyloxy group having 1 to 3 carbon atoms, any 1 to 3 hydrogen atoms of which are optionally
substituted with a halogen atom(s);

R2 represents a halogen atom;

R3 represents a hydrogen atom, a halogen atom, or a hydroxy group;

R4 represents a hydrogen atom or a halogen atom;

X represents -C(=0)-(CH,),-R® or -S(=0),-R5;

n represents an integer of 0 to 5;

R5represents a hydrogen atom, -OR7, -SR7, -S(=0),-R?, -C(=0)-OR7, -N(R”)R8, an alkyl group having 1 to 3 carbon
atoms, any 1 to 3 hydrogen atoms of which are optionally substituted with a halogen atom(s), or a heteroaryl group,
any hydrogen atom(s) of which is/are optionally substituted with an alkyl group having 1 to 3 carbon atoms;

RS represents an alkyl group having 1 to 5 carbon atoms;

R7 represents a hydrogen atom or an alkyl group having 1 to 3 carbon atoms, any 1 to 3 hydrogen atoms of which
are optionally substituted with a halogen atom(s); and

R8 represents a hydrogen atom, an alkyl group having 1 to 3 carbon atoms, an acyl group having 2 to 4 carbon
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atoms, or an alkylsulfonyl group having 1 to 3 carbon atoms.

[0029] The following terms used herein are defined as follows, unless otherwise specified.

[0030] The term "alkyl group having 1 to 3 carbon atoms" means a methyl group, an ethyl group, a propy! group, or
an isopropyl group.

[0031] The term "alkyl group having 1 to 5 carbon atoms" means a linear saturated hydrocarbon group having 1 to 5
carbon atoms or a branched saturated hydrocarbon group having 3 to 5 carbon atoms, and examples thereof include a
methyl group, an ethyl group, a propyl group, an isopropyl group, a butyl group, an isobutyl group, a sec-butyl group, a
tert-butyl group, a pentyl group, an isopentyl group, a neopentyl group, or a tert-pentyl group.

[0032] The term "alkyloxy group having 1 to 3 carbon atoms" means a methoxy group, an ethoxy group, a propyloxy
group, or an isopropyloxy group.

[0033] The term "acyl group having 2 to 4 carbon atoms" means an acetyl group, a propionyl group, a butanoyl! group,
or a 2-methylpropanoyl group.

[0034] The term "alkylsulfonyl group having 1 to 3 carbon atoms" means a methylsulfonyl group, an ethylsulfonyl
group, a propylsulfonyl group, or an isopropylsulfonyl group.

[0035] The term "heteroaryl group" means a heterocyclic aromatic group containing 1 to 4 hetero atoms independently
selected from the group consisting of a nitrogen atom, an oxygen atom, and a sulfur atom, and examples thereof include
a thienyl group, a pyrrolyl group, a furyl group, a thiazolyl group, an imidazolyl group, an oxazolyl group, a pyrazolyl
group, an isothiazolyl group, an isoxazolyl group, a triazolyl group, an oxadiazolyl group, a tetrazolyl group, a pyridyl
group, a pyridazinyl group, a pyrimidinyl group, a pyrazinyl group, or a triazinyl group.

[0036] The term "5-membered ring heteroaryl group" means a heterocyclic aromatic group having 5 ring-constituting
atoms containing 1 to 4 hetero atoms independently selected from the group consisting of a nitrogen atom, an oxygen
atom, and a sulfur atom, and examples thereof include a thienyl group, a pyrrolyl group, a furyl group, a thiazolyl group,
an imidazolyl group, an oxazolyl group, a pyrazolyl group, an isothiazolyl group, an isoxazolyl group, a triazolyl group,
an oxadiazolyl, or a tetrazolyl group.

[0037] The term "halogen atom" means a fluorine atom, a chlorine atom, a bromine atom, or an iodine atom.

[0038] The term "alkyl group having 1 to 3 carbon atoms, any 1 to 3 hydrogen atoms of which are optionally substituted
with a halogen atom(s)" means an alkyl group having 1 to 3 carbon atoms as defined above, any 1 to 3 hydrogen atoms
of which may be each independently substituted with a halogen atom as defined above, and examples thereof include
a methyl group, an ethyl group, a propyl group, an isopropyl group, a fluoromethyl group, a difluoromethyl group, a
trifluoromethyl, a 2-fluoroethyl group, a trifluoroethyl group, a trichloromethyl group, or a trichloroethyl group.

[0039] The term "alkyl group having 1 to 3 carbon atoms, any 1 to 3 hydrogen atoms of which are optionally substituted
with a fluorine atom(s) or a chlorine atom(s)" means an alkyl group having 1 to 3 carbon atoms as defined above, any
1 to 3 hydrogen atoms of which may be each independently substituted with a fluorine atom or a chlorine atom, and
examples thereof include a methyl group, an ethyl group, a propyl group, an isopropyl group, a fluoromethyl group, a
difluoromethyl group, a trifluoromethyl group, a 2-fluoroethyl group, a trifluoroethyl group, a trichloromethyl group, or a
trichloroethyl group.

[0040] The term "alkyl group having 1 to 3 carbon atoms, any 1 to 3 hydrogen atoms of which are optionally substituted
with a fluorine atom(s)" means an alkyl group having 1 to 3 carbon atoms as defined above, any 1 to 3 hydrogen atoms
of which may be substituted with a fluorine atom(s), and examples thereof include a methyl group, an ethyl group, a
propyl group, an isopropyl group, a fluoromethyl group, a difluoromethyl group, a trifluoromethyl group, a 2-fluoroethyl
group, or a trifluoroethyl group.

[0041] The term "alkyloxy group having 1 to 3 carbon atoms, any 1 to 3 hydrogen atoms of which are optionally
substituted with a halogen atom(s)" means an alkyloxy group having 1 to 3 carbon atoms as defined above, any 1 to 3
hydrogen atoms of which may be each independently substituted with a halogen atom as defined above, and examples
thereof include a methoxy group, an ethoxy group, a propyloxy group, an isopropyloxy group, a fluoromethoxy group,
a difluoromethoxy group, a trifluoromethoxy group, a 2-fluoroethoxy group, a trifluoroethoxy group, a trichloromethoxy
group, or a trichloroethoxy group.

[0042] The term "alkyloxy group having 1 to 3 carbon atoms, any 1 to 3 hydrogen atoms of which are optionally
substituted with a fluorine atom(s) or a chlorine atom(s)" means an alkyloxy group having 1 to 3 carbon atoms as defined
above, any 1 to 3 hydrogen atoms of which may be each independently substituted with a fluorine atom or a chlorine
atom, and examples thereof include a methoxy group, an ethoxy group, a propyloxy group, an isopropyloxy group, a
fluoromethoxy group, a difluoromethoxy group, a trifluoromethoxy group, a 2-fluoroethoxy group, a trifluoroethoxy group,
a trichloromethoxy group, or a trichloroethoxy group.

[0043] The term "methoxy group, any 1 to 3 hydrogen atoms of which are optionally substituted with a fluorine atom(s)"
means a methoxy group, a fluoromethoxy group, a difluoromethoxy group, or a trifluoromethoxy group.

[0044] The term "heteroaryl group, any hydrogen atom(s) of which is/are optionally substituted with an alkyl group(s)
having 1 to 3 carbon atoms" means a heteroaryl group as defined above, any hydrogen atom(s) of which may be each
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independently substituted with an alkyl group having 1 to 3 carbon atoms as defined above, and examples thereof include
a thienyl group, a pyrrolyl group, a furyl group, a thiazolyl group, an imidazolyl group, an oxazolyl group, a pyrazolyl
group, an isothiazolyl group, an isoxazolyl group, a triazolyl group, an oxadiazolyl group, a tetrazolyl group, a pyridyl
group, a pyridazinyl group, a pyrimidinylgroup, a pyrazinyl group, a triazinyl group, a methylthienyl group, a dimethylthienyl
group, an ethylthienyl group, a methylpyrrolyl group, a dimethylpyrrolyl group, an ethylpyrrolyl group, a methylfuryl group,
a dimethylfuryl group, an ethylfuryl group, a methylthiazolyl group, a dimethylthiazolyl group, an ethylthiazolyl group, a
methylimidazolyl group, a dimethylimidazolyl group, an ethylimidazolyl group, a methyloxazolyl group, a dimethyloxazolyl
group, an ethyloxazolyl group, a methylpyrazolyl group, a dimethylpyrazolyl group, an ethylpyrazolyl group, a methyli-
sothiazolyl group, a dimethylisothiazolyl group, an ethylisothiazolyl group, a methylisoxazolyl group, a dimethylisoxazolyl
group, an ethylisoxazolyl group, a methyltriazolyl group, a dimethyltriazolyl group, an ethyltriazolyl group, a methyloxa-
diazolyl group, a dimethyloxadiazolyl group, an ethyloxadiazolyl group, a methyltetrazolyl group, an ethyltetrazolyl group,
a methylpyridyl group, a dimethylpyridyl group, an ethylpyridyl group, a methylpyridazinyl group, a dimethylpyridazinyl
group, an ethylpyridazinyl group, a methylpyrimidinyl group, a dimethylpyrimidinyl group, an ethylpyrimidinyl group, a
methylpyrazinyl group, a dimethylpyrazinyl group, an ethylpyrazinyl group, a methyltriazinyl group, a dimethyltriazinyl
group, or an ethyltriazinyl group.

[0045] The term "heteroaryl group, any hydrogen atom(s) of which is/are optionally substituted with a methyl group(s)"
means a heteroaryl group as defined above, any hydrogen atom(s) of which may be each independently substituted
with a methyl group, and examples thereof include a thienyl group, a pyrrolyl group, a furyl group, a thiazolyl group, an
imidazolyl group, an oxazolyl group, a pyrazolyl group, an isothiazolyl group, an isoxazolyl group, a triazolyl group, an
oxadiazolyl group, a tetrazolyl group, a pyridyl group, a pyridazinyl group, a pyrimidinyl group, a pyrazinyl group, a
triazinyl group, a methylthienyl group, a dimethylthienyl group, a methylpyrrolyl group, a dimethylpyrrolyl group, a meth-
ylfuryl group, a dimethylfuryl group, a methylthiazolyl group, a dimethylthiazolyl group, a methylimidazolyl group, dimeth-
ylimidazolyl group, a methyloxazolyl group, a dimethyloxazolyl group, a methylpyrazolyl group, a dimethylpyrazolyl group,
a methylisothiazolyl group, a dimethylisothiazolyl group, a methylisoxazolyl group, a dimethylisoxazolyl group, a meth-
yltriazolyl group, dimethyltriazolyl group, a methyloxadiazolyl group, a dimethyloxadiazolyl group, a methyltetrazolyl
group, a methylpyridyl group, a dimethylpyridyl group, a methylpyridazinyl group, a dimethylpyridazinyl group, a meth-
ylpyrimidinyl group, a dimethylpyrimidinyl group, a methylpyrazinyl group, a dimethylpyrazinyl group, a methyltriazinyl
group, or a dimethyltriazinyl group.

[0046] The term "5-membered ring heteroaryl group, any hydrogen atom(s) of which is/are optionally substituted with
a methyl group(s)" means a 5-membered ring heteroaryl group as defined above, any hydrogen atom(s) of which may
be each independently substituted with a methyl group, and examples thereof include a thienyl group, a pyrrolyl group,
a furyl group, a thiazolyl group, an imidazolyl group, an oxazolyl group, a pyrazolyl group, an isothiazolyl group, an
isoxazolyl group, a triazolyl group, an oxadiazolyl group, a tetrazolyl group, a methylthienyl group, a dimethylthienyl
group, a methylpyrrolyl group, a dimethylpyrrolyl group, a methylfuryl group, a dimethylfuryl group, a methylthiazolyl
group, a dimethylthiazolyl group, a methylimidazolyl group, a dimethylimidazolyl group, a methyloxazolyl group, a dimeth-
yloxazolyl group, a methylpyrazolyl group, a dimethylpyrazolyl group, a methylisothiazolyl group, a dimethylisothiazolyl
group, a methylisoxazolyl group, a dimethylisoxazolyl group, a methyltriazolyl group, dimethyltriazolyl group, a methyl-
oxadiazolyl group, a dimethyloxadiazolyl group, or a methyltetrazolyl group.

[0047] Regarding the abovementioned cyclic amine derivative, in the general formula (1), R is preferably an alkyloxy
group having 1 to 3 carbon atoms, any 1 to 3 hydrogen atoms of which are optionally substituted with a fluorine atom(s)
or a chlorine atom(s), more preferably a methoxy group, any 1 to 3 hydrogen atoms of which are optionally substituted
with a fluorine atom(s), and still more preferably a trifluoromethoxy group.

[0048] R2is preferably a fluorine atom or a chlorine atom, and more preferably a chlorine atom.

[0049] RS is preferably a hydrogen atom, a fluorine atom, a chlorine atom, or a hydroxy group, more preferably a
hydrogen atom, a fluorine atom, or a hydroxy group, and still more preferably a hydrogen atom.

[0050] R#is preferably a hydrogen atom, a fluorine atom, or a chlorine atom, more preferably a hydrogen atom or a
fluorine atom, and still more preferably a hydrogen atom.

[0051] X s preferably -C(=0)-(CH,),-R5.

[0052] nis preferably an integer of 0 to 4, and more preferably an integer of 0 to 3.

[0053] RS is preferably a hydrogen atom, -OR7, -SR7, -S(=0),-R7, -C(=0)-OR?, -N(R7)R8, an alkyl group having 1 to
3 carbon atoms, any 1 to 3 hydrogen atoms of which are optionally substituted with a fluorine atom(s) or a chlorine
atom(s), or a heteroaryl group, any hydrogen atom(s) of which is/are optionally substituted with a methyl group(s), more
preferably a hydrogen atom, -OR7, -N(R7)R8, an alkyl group having 1 to 3 carbon atoms, any 1 to 3 hydrogen atoms of
which are optionally substituted with a fluorine atom(s), or a 5-membered ring heteroaryl group, any hydrogen atom(s)
of which is/are optionally substituted with a methyl group(s), and still more preferably a methyl group, a trifluoromethyl
group, -N(R7)R8, or an imidazolyl, triazolyl, or tetrazolyl group, any hydrogen atom(s) of which is/are optionally substituted
with a methyl group(s).

[0054] R®is preferably an alkyl group having 1 to 3 carbon atoms, and more preferably a methyl group or an ethyl group.
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[0055] R is preferably a hydrogen atom, or an alkyl group having 1 to 3 carbon atoms, any 1 to 3 hydrogen atoms of
which are optionally substituted with a fluorine atom(s) or a chlorine atom(s), more preferably a hydrogen atom, or an
alkyl group having 1 to 3 carbon atoms, any 1 to 3 hydrogen atoms of which are optionally substituted with a fluorine
atom(s), and still more preferably a hydrogen atom, a methyl group, or an ethyl group.

[0056] RS is more preferably a hydrogen atom, a methyl group, an acyl group having 2 to 4 carbon atoms, or an
alkylsulfonyl group having 1 to 3 carbon atoms, and still more preferably a hydrogen atom, a methyl group, an acetyl
group, a propionyl group, a methylsulfonyl group, or an ethylsulfonyl group.

[0057] Specific examples of preferred compound of the cyclic amine derivative represented by the general formula (1)
are shown in Tables 1-1 to 1-3, but the present invention is not limited thereto.

[Table 1-1]

Structural formula Structural formula Structural formula
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(continued)
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(continued)
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(continued)

Structural formula Structural formula Structural formula

Oa-OH
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[0058] The compounds mentioned in Tables 1-1 to 1-3 also include pharmacologically acceptable salts thereof.
[0059] The cyclic amine derivative represented by the general formula (I) might include conformational isomers, ro-
tamers, tautomers, optical isomers, diastereomers and the like, and include not only a single isomer but also racemates
and diastereomer mixtures.

[0060] The cyclic amine derivative represented by the general formula (I) may be labeled with one or more isotopes,
and examples of the labeled isotope include 2H, 3H, 13C, 14C, 15N, 150, 180 and/or 123].

[0061] Examples of the "pharmacologically acceptable salt" of the cyclic amine derivative represented by the general
formula (l) include a salt with an inorganic base, a salt with an organic base, a salt with an inorganic acid, and a salt
with an organic acid. Examples of the salt with an inorganic base include an alkali metal salt, such as a sodium salt or
apotassium salt, an alkaline earth metal salt, such as a calcium salt or amagnesium salt, an ammonium salt, an aluminum
saltoranzinc salt, and examples of the salt with an organic base include a salt with an organic amine, such as triethylamine,
ethanolamine, morpholine, piperidine or dicyclohexylamine, or a salt with a basic amino acid, such as arginine or lysine.
Examples of the salt with an inorganic acid include a hydrochloride, a sulfate, a nitrate, a hydrobromide, a hydroiodide,
a phosphate or the like, and examples of the salt with an organic acid include an oxalate, a malonate, a citrate, a fumarate,
alactate, a malate, a succinate, atartrate, an acetate, atrifluoroacetate, a maleate, a gluconate, abenzoate, an ascorbate,
a glutarate, a mandelate, a phthalate, a methanesulfonate, an ethanesulfonate, a benzenesulfonate, a p-toluenesul-
fonate, a camphorsulfonate, an aspartate, a glutamate, a cinnamate or the like.

[0062] The cyclic amine derivative represented by the above general formula (I) or a pharmacologically acceptable
salt thereof may be an anhydride or a solvate, such as a hydrate. Here, the solvate is preferably a pharmacologically
acceptable solvate. The pharmacologically acceptable solvate may be either a hydrate or a non-hydrate and is preferably
a hydrate. Examples of the solvent constituting the solvate include alcohol-based solvents, such as methanol, ethanol,
or n-propanol, N,N-dimethylformamide (hereinafter abbreviated to DMF), dimethylsulfoxide (hereinafter abbreviated to
DMSO), or water.

[0063] The cyclic amine derivative represented by the above general formula (I) (hereinafter referred to as a cyclic
amine derivative (l)) can be produced by an appropriate method based on features derived from a basic skeleton and
types of substituents thereof. A starting material and a reagent used in the production of these compounds can generally
be commercially available or produced by known methods.

[0064] The cyclic amine derivative (I) and the intermediate and starting material to be used in the production thereof
can be isolated and purified by known means. Examples of known means for isolation and purification include solvent
extraction, recrystallization, or chromatography.

[0065] When the cyclic amine derivative (I) contains an optical isomer or a stereoisomer, each isomer can be obtained
as a single compound by a known method. Examples of the known method include crystallization, enzymatic resolution,
or chiral chromatography.

[0066] Ineach of the reactions of the production methods mentioned below, when the starting compound has an amino
group or a carboxyl group, a protective group may be introduced into these groups, and after the reaction, the protective
group can be deprotected as appropriate to obtain the target compound.

[0067] Examples of the protective group of the amino group include an alkylcarbonyl group having 2 to 6 carbon atoms
(e.g., an acetyl group), a benzoyl group, an alkyloxycarbonyl group having 2 to 8 carbon atoms (e.g., a tert-butoxycarbonyl
group or a benzyloxy carbonyl group), an aralkyl group having 7 to 10 carbon atoms (e.g., a benzyl group), or a phthaloyl
group.

[0068] Examples of the protective group of the carboxyl group include an alkyl group having 1 to 6 carbon atoms (e.g.,
amethyl group, an ethyl group, or a tert-butyl group) or an aralkyl group having 7 to 10 carbon atoms (e.g., a benzyl group).
[0069] The deprotection of the protective group varies depending on the kind of the protective group, but deprotection
can be performed according to a known method (for example, Greene, TW, "Greene’s Protective Groups in Organic
Synthesis", Wiley-Interscience) or a method analogous thereto.
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[0070] As shown in, for example, Scheme 1, the cyclic amine derivative (I) can be obtained by a coupling reaction
(first step) of a boronic acid derivative () with an aryl halide derivative (Ill) in the presence of a metal catalyst and a
base, followed by a condensation reaction (second step) of the biphenylamine derivative (V) obtained in the first step
with a pipecolic acid derivative (V) in the presence of a condensing agent and a base, followed by a deprotection reaction
(third step) of the N-tert-butoxycarbonylpipecolic acid amide derivative (VI) obtained in the second step in the presence
of an acid, and followed by a condensation reaction (fourth step) of the pipecolic acid amide derivative (VIl) obtained in
the third step with an organic acid anhydride derivative (VIII) in the presence of a base. The cyclic amine derivative (1)
can also be obtained by a condensation reaction of the pipecolic acid amide derivative (VIl) with an organic acid ester
derivative (I1X). The cyclic amine derivative (I) can also be obtained by a condensation reaction of the pipecolic acid
amide derivative (VIl) with an organic acid chloride derivative (X) in the presence of a base. The cyclic amine derivative
(I) can also be obtained by a condensation reaction of the pipecolic acid amide derivative (VIl) and an organic acid
derivative (XI) in the presence of a condensing agent and a base. The cyclic amine derivative (l) can also be obtained
by a condensation reaction of the pipecolic acid amide derivative (VII) with trimethylsilyl isocyanate in the presence of
a base.

[0071] When the cyclic amine derivative () contains, for example, an amino group, the amino group may be converted
into an amide group, a sulfonamide group or the like, or an N-alkyl derivative by a condensation reaction, a reductive
amination reaction or the like. When the cyclic amine derivative (I) contains a sulfide group, the sulfide group may be
converted into a sulfonyl group by an oxidation reaction. When the cyclic amine derivative (l) contains an ester group,
the ester group may be converted into a carboxyl group by a hydrolysis reaction.
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[0072] In Scheme 1, Q represents a halogen atom, and R to R4 and X are as defined above.

(First Step)

[0073] The amount of the aryl halide derivative (lll) used in the coupling reaction is preferably 0.5 to 10 equivalents,
and more preferably 0.7 to 3 equivalents, based on the boronic acid derivative (Il).

[0074] Examples of the metal catalyst used in the coupling reaction include 1,1’-bis(diphenylphosphino)ferrocene
dichloropalladium(ll) dichloromethane adduct, palladium(ll) chloride, bis(dibenzylideneacetone)palladium(0), tetrakist-
riphenylphosphine palladium(0), or dichlorobistriphenylphosphine palladium(0), and 1,1’-bis(diphenylphosphino)fer-
rocene dichloropalladium(ll) dichloromethane adduct is preferable.

[0075] The amount of the metal catalyst used for the coupling reaction is preferably 0.01 to 5 equivalents, and more
preferably 0.05 to 0.5 equivalents, based on the boronic acid derivative (ll).

[0076] Examples of the base used in the coupling reaction include an organic base, such as triethylamine or diisopro-
pylethylamine, an inorganic base, such as sodium carbonate or potassium carbonate, a lithium amide, such as lithium
hexamethyldisilazide or lithium diisopropylamide, or a metal alkoxide, such as tert-butyloxy sodium, tert-butyloxy potas-
sium, or a mixture thereof, and an inorganic base, such as sodium carbonate or potassium carbonate, is preferable.
[0077] The amount of the base used in the coupling reaction is preferably 0.5 to 10 equivalents, and more preferably
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1 to 3 equivalents, based on the boronic acid derivative (ll).

[0078] The reaction solvent used for the coupling reaction is appropriately selected according to the type of reagent
to be used or the like, but is not particularly limited as long as it does not inhibit the reaction, and examples thereof
include ether-based solvents, such as tetrahydrofuran, 1,4-dioxane, ethylene glycol dimethyl ether, or dimethoxyethane,
nitrile-based solvents, such as acetonitrile or propionitrile, aromatic hydrocarbon solvents, such as benzene or toluene,
aprotic polar solvents, such as DMF or DMSO, water, or a mixture thereof. A mixed solvent of nitrile-based solvents,
such as acetonitrile or propionitrile, and water, is preferable.

[0079] Thereactiontemperature ofthe coupling reaction is preferably 0 to 200°C, and more preferably from 50 to 150°C.
[0080] The reaction time of the coupling reaction is appropriately selected according to the conditions, such as the
reaction temperature, and the reaction time is preferably 1 to 30 hours.

[0081] The concentration of the boronic acid derivative (ll) used in the coupling reaction at the start of the reaction is
preferably 1 mmol/L to 1 mol/L.

[0082] The boronic acid derivative (ll) and aryl halide derivative (lll) used in the coupling reaction can be purchased
or produced by a known method.

(Step 2)

[0083] The amount of the pipecolic acid derivative (V) used in the condensation reaction is preferably 0.1 to 10
equivalents, and more preferably 0.5 to 3 equivalents, based on the biphenylamine derivative (V).

[0084] Examples of the condensing agent used in the condensation reaction include N,N’-dicyclohexylcarbodiimide,
N-ethyl-N’-3-dimethylaminopropylcarbodiimide hydrochloride, N,N’-carbodiimidazole, {{[(1-cyano-2-ethoxy-2-oxoethyl-
idene)amino]oxy}-4-morpholinom ethylene}dimethylammonium hexafluorophosphate (hereinafter abbreviated to
COMU), O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (hereinafter abbreviated to
HATU), or O-(benzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium hexafluorophosphate (hereinafter abbreviated to HBTU),
and HATU or HBTU is preferable.

[0085] The amount of the condensing agent used in the condensation reaction is preferably 0.5 to 10 equivalents, and
more preferably 1 to 3 equivalents, based on the biphenylamine derivative (IV).

[0086] Examples of the base used in the condensation reaction include an organic base, such as triethylamine or
diisopropylethylamine, an inorganic base, such as sodium hydrogen carbonate or potassium carbonate, a hydrogenated
metal compound, such as sodium hydride, potassium hydride, or calcium hydride, an alkyl lithium, such as methyl lithium
or butyl lithium, a lithium amide, such as lithium hexamethyldisilazide or lithium diisopropylamide, or a mixture thereof,
and an organic base, such as triethylamine or diisopropylethylamine, is preferable.

[0087] The amount of the base used in the condensation reaction is preferably 0.5 to 10 equivalents, and more
preferably 1 to 5 equivalents, based on the biphenylamine derivative (IV).

[0088] The biphenylamine derivative (IV) used in the condensation reaction may be a free form or a salt, such as a
hydrochloride.

[0089] The reaction solvent used in the condensation reaction is appropriately selected according to the type of the
reagent to be used or the like, but is not particularly limited as long as it does not inhibit the reaction, and examples
thereof include ether-based solvents, such as tetrahydrofuran, 1,4-dioxane, ethylene glycol dimethyl ether, or dimeth-
oxyethane, halogen-based solvents, such as dichloromethane, chloroform, or 1,2-dichloroethane, aprotic polar solvents,
such as DMF or DMSO, or nitrile-based solvents, such as acetonitrile or propionitrile, and halogen-based solvents, such
as dichloromethane, chloroform, or 1,2-dichloroethane, or aprotic polar solvents, such as DMF or DMSO, are preferable.
[0090] Thereactiontemperature ofthe condensation reaction is preferably 0to 200°C, and more preferably 20 to 100°C.
[0091] The reaction time of the condensation reaction is appropriately selected according to the conditions, such as
the reaction temperature, and is preferably 0.5 to 100 hours.

[0092] The concentration of the biphenylamine derivative (IV) used in the condensing reaction at the start of the
reaction is preferably 1 mmol/L to 1 mol/L.

[0093] The pipecolic acid derivative (V) used in the condensation reaction can be purchased or produced by a known
method or a method analogous thereto.

(Third step)

[0094] Examples of the acid used in the deprotection reaction include hydrochloric acid, trifluoroacetic acid, or hy-
drofluoric acid, and hydrochloric acid or trifluoroacetic acid is preferable.

[0095] Theamountofthe acid used inthe deprotectionreaction is preferably 0.5 to 100 equivalents, and more preferably
1 to 30 equivalents, based on the N-tert-butoxycarbonylpipecolic acid amide derivative (VI).

[0096] The reaction solvent used in the deprotection reaction is appropriately selected according to the type of the
reagent to be used, but is not particularly limited as long as it does not inhibit the reaction, and examples thereof include
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ether-based solvents, such as diethyl ether, tetrahydrofuran, dimethoxyethane, or 1,4-dioxane, ester-based solvents,
such as ethyl acetate or propyl acetate, chlorine-based solvents, such as dichloromethane, chloroform, or 1,2-dichlo-
roethane, alcohol-based solvents, such as methanol or ethanol, aprotic polar solvents, such as DMF or DMSO, or mixed
solvents thereof, and halogen-based solvents, such as dichloromethane, chloroform, or 1,2-dichloroethane, or aprotic
polar solvents, such as DMF or DMSO, are preferable.

[0097] The reaction temperature of the deprotection reaction is preferably -78°C to 200°C, and more preferably -20°C
to 100°C.

[0098] The reaction time of the deprotection reaction is appropriately selected according to the conditions, such as
the reaction temperature, and the reaction time is preferably 1 to 50 hours.

[0099] The concentration of the N-tert-butoxycarbonylpipecolic acid amide derivative (V1) used in the deprotection
reaction at the start of the reaction is preferably 1 mmol/L to 1 mol/L.

(Step 4)

[0100] The amount of the organic acid anhydride derivative (VIll), the organic acid ester derivative (IX), the organic
acid chloride derivative (X), the organic acid derivative (XI), or trimethylsilyl isocyanate used in the condensation reaction
is preferably 1 to 200 equivalents, and more preferably 1 to 80 equivalents, based on the pipecolic acid amide derivative
(viy.

[0101] Examples of the condensing agent used in the condensation reaction include N,N’-dicyclohexylcarbodiimide,
N-ethyl-N’-3-dimethylaminopropylcarbodiimide hydrochloride, N,N’-carbodiimidazole, COMU, HATU, or HBTU, and
HATU or HBTU is preferable.

[0102] The amount of the condensing agent used in the condensation reaction is preferably 0 to 10 equivalents, and
more preferably 0 to 3 equivalents, based on the pipecolic acid amide derivative (VII).

[0103] Examples of the base used in the condensation reaction include an organic base, such as triethylamine or
diisopropylethylamine, an inorganic base, such as sodium hydrogen carbonate or potassium carbonate, a hydrogenated
metal compound, such as sodium hydride, potassium hydride, or calcium hydride, an alkyl lithium, such as methyl lithium
or butyl lithium, lithium amide, such as lithium hexamethyldisilazide or lithium diisopropylamide, or a mixture thereof,
and an organic base, such as triethylamine or diisopropylethylamine, is preferable.

[0104] The amountofthe base used in the condensation reaction is preferably 0 to 10 equivalents, and more preferably
0 to 5 equivalents, based on the pipecolic acid amide derivative (VII).

[0105] The pipecolic acid amide derivative (VII) used in the condensation reaction may be a free form or a salt, such
as a hydrochloride.

[0106] The reaction solvent used in the condensation reaction is appropriately selected according to the type of the
reagent to be used or the like, but is not particularly limited as long as it does not inhibit the reaction, and examples
thereof include ether-based solvents, such as tetrahydrofuran, 1,4-dioxane, ethylene glycol dimethyl ether, or dimeth-
oxyethane, chlorine-based solvents, such as dichloromethane, chloroform, or 1,2-dichloroethane, aprotic polar solvents,
such as DMF or DMSO, or nitrile-based solvents, such as acetonitrile or propionitrile, and halogen-based solvents, such
as dichloromethane, chloroform, or 1,2-dichloroethane, or aprotic polar solvents, such as DMF or DMSO, are preferable.
[0107] The reaction temperature of the condensation reaction is preferably -78°C to 200°C, and more preferably -20°C
to 100°C.

[0108] The reaction time of the condensation reaction is appropriately selected according to the conditions, such as
the reaction temperature, and the reaction time is preferably 0.5 to 100 hours.

[0109] The concentration of the pipecolic acid amide derivative (VII) used in the coupling reaction at the start of the
reaction is preferably 1 mmol/L to 1 mol/L.

[0110] The organic acid anhydride derivative (VIll), the organic acid ester derivative (1X), the organic acid chloride
derivative (X), the organic acid derivative (XI), and the trimethylsilyl isocyanate used in the condensation reaction can
be purchased or produced by a known method or a method analogous thereto.

[0111] The medicament, the RORy antagonist, and the therapeutic agent or preventive agent for an autoimmune
disease or allergic disease of the present invention are characterized by containing the cyclic amine derivative (I) or a
pharmacologically acceptable salt thereof as an active ingredient. The autoimmune disease mentioned above is pref-
erably multiple sclerosis or psoriasis, and the allergic disease mentioned above is preferably allergic dermatitis, and
more preferably contact dermatitis or atopic dermatitis.

[0112] "RORy antagonist" means a compound having an effect to suppress the function of RORY, thereby eliminating
or attenuating the activity thereof.

[0113] "Autoimmune disease" is a general term for diseases in which excessive immune responses attack an individ-
ual’'s own normal cells and tissues, resulting in symptoms, and examples thereof include multiple sclerosis, psoriasis,
rheumatoid arthritis, systemic lupus erythematosus, ankylosing spondylitis, uveitis, polymyalgia rheumatica, scleroder-
ma, vasculitis, pemphigus, pemphigoid, or dermatomyositis. In addition, the autoimmune disease of the presentinvention
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includes acne or vitiligo.

[0114] "Allergic disease" is a disease derived from excessive immune responses to specific antigens, and examples
thereof include allergic dermatitis, contact dermatitis, atopic dermatitis, allergic rhinitis (pollinosis), allergic conjunctivitis,
allergic gastroenteritis, bronchial asthma, childhood asthma, or food allergy.

[0115] "Multiple sclerosis" is a disease characterized by demyelination in which the myelin sheath covering nerve
fibers, such as the brain, spinal cord, and optic nerve, is destroyed, and characterized by progression of the disorder
with repeated relapse and remission. The symptoms vary depending on the site of the lesion, and represent various
neurological symptoms, such as visual impairment, quadriplegia, sensory disturbance, and gait disturbance. Examples
of multiple sclerosis include relapsing-remitting multiple sclerosis, primary progressive multiple sclerosis, and secondary
progressive multiple sclerosis.

[0116] "Psoriasis" is an inflammatory disease of the skin associated with invasion and activation of immune cells and
resultant acanthosis. Typically, a symptom called desquamation in which white scales thickly adhere to red rashes in
various parts of the whole body and then peel off occurs. Examples of psoriasis include plaque psoriasis, pustular
psoriasis, psoriasis arthropathica, guttate psoriasis, and erythrodermic psoriasis.

[0117] "Allergic dermatitis" is a general term for skin diseases caused by allergic reactions and is characterized by
chronicitching and rashes on the face, neck, elbow and/or knee. Examples of allergic dermatitis include contact dermatitis,
atopic dermatitis, and the like.

[0118] "Contact dermatitis" is an eczematous inflammatory disease that develops when an exogenous antigen is
brought into contact with the skin, and examples thereof include allergic contact dermatitis, photocontact dermatitis,
systemic contact dermatitis, and contact urticaria. Examples of the antigen include metal allergens (cobalt, nickel, etc.),
plant allergens (poison oak, primrose, etc.), and food allergens (mango, ginkgo nut, etc.).

[0119] "Atopic dermatitis" is a skin disease in which many patients have atopic predisposition. It is characterized by
symmetric systemic eczema that repeats exacerbation and remission. Examples thereof include diffuse neurodermatitis,
atopic eczema, atopic neurodermatitis, Besnier prurigo, acute infantile eczema, flexural eczema, pediatric eczema in
extremities, pediatric atopic eczema, pediatric dry eczema, pediatric eczema, adult atopic dermatitis, endogenic eczema,
infantile dermatitis, and chronic infantile eczema.

[0120] The cyclic amine derivative (l) or a pharmacologically acceptable salt thereof is characterized by suppressing
the function of RORYy by inhibiting the binding between RORYy and a coactivator. Since it is known that RORy is involved
in various diseases and that improvement in the pathological state or remission of the symptoms can be expected by
suppression of the function of RORYy, the cyclic amine derivative (l) or a pharmacologically acceptable salt thereof can
be used as a medicament for diseases in which improvement in the pathological state or remission of the symptoms
can be expected by suppression of the function of RORy, particularly as a therapeutic agent or preventive agent for
autoimmune diseases or allergic diseases. The therapeutic agent or preventive agent for autoimmune diseases men-
tioned above can be preferably used as a therapeutic agent or preventive agent for multiple sclerosis, psoriasis, rheu-
matoid arthritis, systemic lupus erythematosus, ankylosing spondylitis, uveitis, polymyalgia rheumatica, scleroderma,
vasculitis, pemphigus, pemphigoid, dermatomyositis, acne, or vitiligo, and more preferably used as a therapeutic agent
or preventive agent for multiple sclerosis or psoriasis. The therapeutic agent or preventive agent for allergic diseases
mentioned above can be preferably used as a therapeutic agent or preventive agent for allergic dermatitis, atopic
dermatitis, allergic rhinitis (pollinosis), allergic conjunctivitis, allergic gastroenteritis, bronchial asthma, childhood asthma,
or food allergy, and more preferably used as a therapeutic agent or preventive agent for contact dermatitis or atopic
dermatitis.

[0121] Itis possible to evaluate that the cyclic amine derivative (l) or a pharmacologically acceptable salt thereof has
RORYy antagonist activity that inhibits the binding between RORy and a coactivator, using an in vitro study. Examples of
the in vitro study include a method of evaluating the binding between RORy and an agonist (e.g., cholesterol) (WO
2012/158784, WO 2013/018695) and a method of evaluating the binding between a ligand-binding domain of RORy and
a coactivator (WO 2012/064744, WO 2013/018695). The inhibitory effect on the transcription activity of RORy can be
evaluated using various reporter gene assays (WO 2012/158784, WO 2012/064744, WO 2013/018695).

[0122] The fact that the cyclic amine derivative (I) or a pharmacologically acceptable salt thereof suppresses the
function of RORy can be evaluated using lymphocytic cells derived from various organs, such as spleen or peripheral
blood, with IL-17 production or Th17 cell differentiation as an index. Examples of the method using IL-17 production as
an index include a method of measuring IL-17 production by IL-23 stimulation using mouse splenocytes (The Journal
of Biological Chemistry, 2003, Vol. 278, No. 3, p.1910-1914). Examples of the method using Th17 cell differentiation as
an index include a method of measuring the IL-17 production amount or the proportion of IL-17-positive cells, etc. by
stimulating CD4-positive naive T cells derived from mouse splenocytes or human PBMC with various cytokines (e.g.,
IL-1B, IL-6, IL-23, and/or TGF-B) and various antibodies (e.g., anti-CD3 antibody, anti-CD28 antibody, anti-IL-4 antibody,
anti-IFN-y antibody, and/or anti-IL-2 antibody) to be differentiated into Th17 (WO 2012/158784, WO 2013/018695).
[0123] Thefactthatthe cyclicamine derivative (I) ora pharmacologically acceptable salt thereof is effective for treatment
or prevention of autoimmune diseases can be evaluated using a disease model. Examples of the disease model include
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an experimental autoimmune encephalomyelitis model (Journal of Neuroscience Research, 2006, Vol. 84, p.1225-1234),
an imiquimod-induced psoriasis model (Journal of Immunology, 2009, Vol. 182, p.5836-5845), a collagen arthritis model
(Annual Review of Immunology, 1984, Vol. 2, p.199-218), a spontaneous model of systemic lupus erythematosus (Nature,
2000, Vol. 404, p.995-999), an ankylosing spondylitis model (Arthritis Research & Therapy, 2012, Vol. 14, p.253-265),
an experimental autoimmune uveitis model (Journal of Immunology, 2006, Vol. 36, p.3071-3081), a scleroderma model
(Journal of Investigative Dermatology, 1999, Vol. 112, p.456-462), a vasculitis model (The Journal of Clinical Investigation,
2002, Vol. 110, p.955-963), a pemphigus model (The Journal of Clinical Investigation, 2000, Vol. 105, p.625-631), a
pemphigoid model (Experimental Dermatology, 2012, Vol. 21, p.901-905), a dermatomyositis model (American Journal
of Pathology, 1985, Vol. 120, p.323-325), a spontaneous model of acne (European Journal of Dermatology, 2005, Vol.
15, p.459-464), or a vitiligo model (Pigment Cell & Melanoma Research, 2014, Vol. 27, p.1075-1085). The experimental
autoimmune encephalomyelitis model is generally used as a multiple sclerosis model. The imiquimod-induced psoriasis
model is generally used as a psoriasis model.

[0124] Thefactthatthe cyclicamine derivative (I) ora pharmacologically acceptable salt thereof is effective for treatment
or prevention of allergic diseases can be evaluated using a disease model. Examples of the disease model include a
dinitrofluorobenzene (hereinafter abbreviated to DNFB)-induced allergic dermatitis model (Pharmacological Reports,
2013, Vol. 65, p.1237-1246), an oxazolone-induced atopic dermatitis model (Journal of Investigative Dermatology, 2014,
Vol. 134, p.2122-2130), an ovalbumin-induced allergic rhinitis model (Journal of Animal Science, 2010, Vol. 81,
p.699-705), an IgE-induced allergic conjunctivitis model (British Journal of Ophthalmology, 2012, Vol. 96, p.1332-1336),
an allergic gastroenteritis model (Gastroenterology, 1997, Vol. 113, p.1560-1569), an ovalbumin-induced asthma model
(American Journal of Respiratory and Critical Care Medicine, 1997, Vol. 156, p.766-775), or an ovalbumin-induced food
allergy model (Clinical & Experimental Allergy, 2005, Vol. 35, p.461-466). The DNFB-induced allergic dermatitis model
is generally used as an allergic dermatitis model, particularly as a contact dermatitis model. The oxazolone-induced
atopic dermatitis model is generally used as an atopic dermatitis model.

[0125] The efficacy of the cyclic amine derivative (I) or a pharmacologically acceptable salt thereof for treatment or
prevention of autoimmune diseases or allergic diseases can be evaluated using the in vitro study mentioned above, for
example, with decrease in the amount of binding between a ligand-binding domain of RORy and a coactivator, or decrease
in the IL-17 production amount, which is an index of the function of RORy, as an index. The efficacy for treatment or
prevention of multiple sclerosis can be evaluated using the experimental autoimmune encephalomyelitis model men-
tioned above, for example, with decrease in the neurological symptom score, which is a characteristic index of multiple
sclerosis, as an index. The efficacy for treatment or prevention of psoriasis can be evaluated using the imiquimod-
induced psoriasis model mentioned above, for example, with decrease in the thickness of the skin, such as auricle,
which increases with progression of symptoms of the psoriasis model, as anindex. The efficacy for treatment or prevention
of allergic dermatitis, particularly contact dermatitis, can be evaluated using the DNFB-induced allergic dermatitis model
mentioned above, for example, with decrease in the thickness of the skin, such as auricle, which increases with pro-
gression of dermatitis symptoms, as an index. The efficacy for treatment or prevention of atopic dermatitis can be
evaluated using the oxazolone-induced atopic dermatitis model mentioned above, for example, with decrease in the
thickness of the skin, such as auricle, which increases with progression of dermatitis symptoms, as an index.

[0126] The cyclic amine derivative (l) or a pharmacologically acceptable salt thereof can be used as a useful medica-
ment (particularly, a therapeutic agent or preventive agent for an autoimmune disease or an allergic disease) when
administered to a mammal (for example, mouse, rat, hamster, rabbit, dog, monkey, bovine, sheep, or human), particularly
human. When the cyclic amine derivative () or a pharmacologically acceptable salt thereof is clinically used as a med-
icament, the cyclic amine derivative (I) or a pharmacologically acceptable salt thereof may be used as it is or may be
appropriately mixed with additives, such as excipients, stabilizers, preservatives, buffers, solubilizers, emulsifiers, dilu-
ents, or isotonizing agents. The medicament mentioned above can be manufactured by a usual method using these
drug carriers appropriately. Examples of the dosage form of the medicament mentioned above include oral preparations,
such as tablets, capsules, granules, powders, or syrups; parenteral preparations, such as inhalants, injections, suppos-
itories, or liquids; or ointments, creams, or patches for topical administration. Furthermore, known long-acting preparations
may be used.

[0127] The medicament mentioned above preferably contains 0.00001 to 90% by weight, and more preferably 0.01
to 70% by weight of the cyclic amine derivative (1) or a pharmacologically acceptable salt thereof. The dose is appropriately
selected according to the symptoms, age, and body weight of the patient, and the administration method. As an amount
of effective ingredients for an adult, 0.1 ng to 1 g per day for injections, 1 ng to 10 g per day for oral preparations, and
1 ng to 10 g per day for patches are preferable, and each can be administered once or several times in divided doses.
[0128] Examples of the pharmacologically acceptable carrier or diluent of the above-mentioned medicament include
a binder (syrup, gelatin, gum arabic, sorbitol, polyvinyl chloride, tragacanth or the like), an excipient (sugar, lactose, corn
starch, calcium phosphate, sorbitol, glycine or the like), or a lubricant (magnesium stearate, polyethylene glycol, talc,
silica or the like).

[0129] To supplement or enhance the therapeutic or preventive effect or to reduce the dosage, the medicament may
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be used in mixture or combination with other medicaments in suitable amounts.
[0130] The presentinventionwillbe describedin more detail by way of the following Reference Examples and Examples,
but the present invention is not limited thereto.

EXAMPLES

[0131] Commercially available compounds were used for the compounds used in the synthesis of the compounds of
Reference Examples and Examples, no mention being made on the synthesis method thereof. "Room temperature" in
the following Reference Examples and Examples usually indicates the temperature in a range of about 10°C to about
35°C. Percentage (%) is mol/mol% for yield, % by volume for solvents used in column chromatography and high-
performance liquid chromatography, and % by weight for others unless otherwise specified. The name of the solvent
shown in the NMR data indicates the solvent used for the measurement. 400 MHz NMR spectrum was measured using
JNM-AL 400 nuclear magnetic resonance spectrometer (JEOL Ltd.) or JNM-ECS 400 nuclear magnetic resonance
spectrometer (JEOL Ltd.). Chemical shift was indicated by & (unit: ppm) with tetramethylsilane as a standard, signals
were indicated by s (singlet), d (doublet), t (triplet), g (quartet), quint (quintet), sept (septet), m (multiplet), br (broad), dd
(double doublet), dt (double triplet), ddd (double double doublet), dq (double quartet), td (triplet doublet), and tt (triplet
triplet). Mentioned is not made when protons of a hydroxyl group, an amino group or the like have a very gentle peak.
ESI-MS spectra were measured using Agilent Technologies 1200 Series, G6130A (Agilent Technologies). Silica gel 60
(Merck) was used as silica gel, amine silica gel DM 1020 (Fuji Silysia Chemical Ltd.) was used as amine silica gel, and
YFLC W-prep2XY (Yamazen Corporation) was used as chromatography.

(Reference Example 1) Synthesis of 2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-amine:

[0132]

OCF,4

Yo

[0133] To an acetonitrile (9.0 mL) solution of 2-trifluoromethoxyphenylboronic acid (1.10 g, 5.33 mmol), 4-bromo-3-
chloroaniline (1.00 g, 4.84 mmol), potassium carbonate (1.00 g, 7.27 mmol), 1,1’-bis(diphenylphosphino)ferrocene dichlo-
ropalladium(Il) dichloromethane adduct (0.396 g, 0.484 mmol), and distilled water (3.0 mL) were added at room tem-
perature and the temperature was raised to 90°C, followed by stirring for 18 hours. The reaction solution was filtered
through silica gel and then the filtrate was concentrated under reduced pressure. The residue was purified by column
chromatography (silica gel, n-hexane/ethyl acetate = 85/15 to 67/33) to obtain 2-chloro-2'-(trifluoromethoxy)-[1,1’-biphe-
nyl]-4-amine (hereinafter referred to as the compound of Reference Example 1) (1.03 g, 3.57 mmol, 73.6%) as a yellow
oily product.

TH-NMR (400MHz, CDClg) &: 3.79(s, 2H), 6.62(dd, J=8.3, 2.3Hz, 1H), 6.80(d, J=2.3Hz, 1H), 7.05(d, J=8.3Hz, 1H),
7.30-7.41(m, 4H). ESI-MS:m/z = 288(M+H)*.

(Reference Example 2) Synthesis of tert-butyl 2-((2-chloro-2’-(trifluoromethoxy)-[1, 1’-biphenyl]-4-yl)carbamoyl) piperid-
ine-1-carboxylate:

[0134]

OCF,4
O o F

[0135] Toa DMF (2.0 mL) solution of 1-(tert-butoxycarbonyl)piperidine-2-carboxylic acid (0.263 g, 1.15 mmol), a DMF
(2.0 mL) solution of the compound of Reference Example 1 (0.300 g, 1.04 mmol), HATU (0.436 g, 1.15 mmol), and
diisopropylethylamine (0.273 mL, 1.56 mmol) were added at room temperature, followed by stirring at the same tem-
perature for 16 hours. To the reaction solution, distilled water was added, and the solution was extracted with a mixed
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solvent of n-hexane/ethyl acetate = 20/80(v/v). The organic layer was washed with saturated brine, dried over anhydrous
sodium sulfate and filtered, and then the filtrate was concentrated under reduced pressure. The residue was purified by
column chromatography (silica gel, n-hexane/ethyl acetate = 90/10 to 67/33) to obtain tert-butyl 2-((2-chloro-2’-(trifluor-
omethoxy)-[1,1’-biphenyl]-4-yl)carbamoyl) piperidine-1-carboxylate (hereinafter referred to as the compound of Refer-
ence Example 2) (0.483 g, 0.968 mmol, 92.8%) as a white solid.

TH-NMR (400MHz, CDCl3) : 1.43-1.51(m, 2H), 1.53(s, 9H), 1.60-1.75(m, 3H), 2.35(d, J=12.7Hz, 1H), 2.80-2.89(m, 1H),
4.03-4.13(m, 1H), 4.86-4.89(m, 1H), 7.22(d, J=8.3Hz, 1H), 7.29-7.45(m, 6H), 7.80(br, 1H).

ESI-MS:m/z = 499(M+H)*.

(Reference Example 3) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)piperidine-2-carboxamide:

[0136]

[0137] To a dichloromethane (5.0 mL) solution of the compound of Reference Example 2 (0.483 g, 0.968 mmol),
trifluoroacetic acid (0.522 mL, 6.78 mmol) was added at room temperature, followed by stirring at the same temperature
for 20 hours. The reaction solution was concentrated under reduced pressure, neutralized with an aqueous potassium
carbonate solution, and then extracted with chloroform. The organic layer was dried over anhydrous sodium sulfate and
filtered, and then the filtrate was concentrated under reduced pressure. The residue was purified by column chroma-
tography (amine silica gel, n-hexane/ethyl acetate = 60/40 to 20/80) to obtain N-(2-chloro-2’-(trifluoromethoxy)-[1,1'-
biphenyl]-4-yl)piperidine-2-carboxamide (hereinafter referred to as the compound of Reference Example 3) (0.309 g,
0.775 mmol, 80.0%) as a white solid.

TH-NMR (400MHz, CDCl5) &: 1.53(ddd, J=36.8, 17.9, 8.8Hz, 4H), 1.78-1.86(m, 1H), 2.00-2.07(m, 1H), 2.74-2.82(m,
1H), 3.03-3.10(m, 1H), 3.38(dd, J=9.6, 3.5Hz, 1H), 7.23(d, J=8.3Hz, 1H), 7.31-7.37(m, 3H), 7.40-7.45(m, 1H), 7.53(dd,
J=8.3, 2.0Hz, 1H), 7.82(d, J=2.2Hz, 1H), 9.02(br, 1H).

ESI-MS:m/z = 399(M+H)*.

(Example 1) Synthesis of 1-acetyl-N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)pip eridine-2-carboxamide:

[0138]

[0139] To a dichloromethane (3.0 mL) solution of the compound of Reference Example 3 (0.0700 g, 0.176 mmol),
triethylamine (0.0367 mL, 0.263 mmol) and acetic anhydride (0.0182 mL, 0.193 mmol) were added at 0°C and the
temperature was raised to room temperature, followed by stirring for 1 hour. To the reaction solution, distilled water was
added, and the solution was extracted with chloroform. The organic layer was washed with distilled water and saturated
brine, dried over anhydrous sodium sulfate and filtered, and then the filirate was concentrated under reduced pressure.
The residue was purified by column chromatography (silica gel, chloroform/methanol = 95/5) to obtain 1-acetyl-N-(2-
chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)pip eridine-2-carboxamide (hereinafter referred to as the compound of
Example 1) (0.0730 g, 0.166 mmol, 94.3%) as a white solid.

TH-NMR (400MHz, CDCl5) &: 1.46-1.63(m, 1H), 1.67(d, J=7.8Hz, 1H), 1.89-2.02(m, 2H), 2.22(s, 3H), 2.29(d, J=12.9Hz,
1H), 3.22(t, J=13.2Hz, 1H), 3.78(d, J=12.7Hz, 1H), 5.29(d, J=5.1Hz, 1H), 7.20(d, J=8.3Hz, 1H), 7.29-7.37(m, 3H),
7.40-7.44(m, 2H), 7.80(br, 1H), 8.65(br, 1H).

ESI-MS:m/z = 441(M+H)*.
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(Example 2) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(2,2,2-trif luoroacetyl)piperidine-2-car-
boxamide:

[0140]

[0141] According to the same procedure as in Example 1, except that trifluoroacetic anhydride was used in place of
acetic anhydride, N-(2-chloro-2'-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(2,2,2-trif luoroacetyl)piperidine-2-carboxam-
ide (hereinafter referred to as the compound of Example 2) (0.0500 g, 0.101 mmol, 99.0%) was obtained as a white solid.
TH-NMR (400MHz, CDCls) &: 1.56-1.86(m, 4H), 1.98(dt, J=11.2, 4.6Hz, 1H), 2.36(d, J=14.1Hz, 1H), 3.37(td, J=13.4,
2.6Hz, 1H), 4.01(d, J=13.9Hz, 1H), 5.18(d, J=5.4Hz, 1H), 7.21(d, J=8.3Hz, 1H), 7.30-7.46(m, 5H), 7.79(br, 1H), 7.89(br,
1H).

ESI-MS:m/z = 495(M+H)*.

(Example 3) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-propionyl piperidine-2-carboxamide:

[0142]

[0143] To a dichloromethane (2.0 mL) solution of the compound of Reference Example 3 (0.0300 g, 0.0752 mmol),
triethylamine (0.0157 mL, 0.113 mmol) and propionyl chloride (0.00719 mL, 0.0828 mmol) were added at 0°C and the
temperature was raised to room temperature, follwed by stirring for 30 minutes. To the reaction solution, methanol was
added, and the solution was concentrated under reduced pressure. The residue was purified by column chromatography
(silica gel, chloroform/methanol = 100/0 to 90/10) to obtain N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-pro-
pionyl piperidine-2-carboxamide (hereinafter referred to as the compound of Example 3) (0.0340 g, 0.0747 mmol, 99.4%)
as a white solid. TH-NMR (400MHz, CDCly) &: 1.22(t, J=7.3Hz, 3H), 1.55(br, 2H), 1.76(br, 2H), 1.97(t, J=13.2Hz, 1H),
2.30(d, J=12.7Hz, 1H), 2.48(dq, J=6.6, 2.0Hz, 2H), 3.12(td, J=13.2, 2.8Hz, 1H), 3.83(d, J=13.2Hz, 1H), 5.29(d, J=5.4Hz,
1H), 7.20(d, J=8.3Hz, 1H), 7.29-7.36(m, 4H), 7.39-7.45(m, 1H), 7.84(br, 1H), 8.56(br, 1H).

ESI-MS:m/z = 455(M+H)*.

(Example 4) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(2-metho xyacetyl)piperidine-2-car-
boxamide:

[0144]

[0145] To a DMF (0.5 mL) solution of 2-methoxyacetic acid (0.00693 ml, 0.0903 mmol), a DMF (0.5 mL) solution of
the compound of Reference Example 3 (0.0300 g, 0.0752 mmol), HATU (0.0343 g, 0.0902 mmol) and diisopropylethyl-
amine (0.0197 mL, 0.113 mmol) were added at room temperature, followed by stirring the same temperature for 3 hours.
To the reaction solution, distilled water was added, and the solution was extracted with a mixed solvent of n-hexane/ethyl
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acetate = 20/80. The organic layer was washed with saturated brine, dried over anhydrous sodium sulfate and filtered,
and then the filtrate was concentrated under reduced pressure. The residue was purified by column chromatography
(silica gel, n-hexane/ethyl acetate = 50/50 to 0/100) to obtain N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(2-
metho xyacetyl)piperidine-2-carboxamide (hereinafter referred to as the compound of Example 4) (0.0266 g, 0.0565
mmol, 74.6%) as a white solid.

TH-NMR (400MHz, CDCls) §: 1.58-2.00(m, 5H), 2.33(d, J=14.4Hz, 0.8H), 2.48(d, J=12.7Hz, 0.2H), 2.63(t, J=12.7Hz,
0.2H), 3.14(t, J=13.0Hz, 0.8H), 3.48(s, 2.4H), 3.51(s, 0.6H), 3.82(d, J=12.7Hz, 0.8H), 4.12(d, J=11.7Hz, 0.2H), 4.18(d,
J=13.9Hz, 0.8H), 4.26(d, J=13.9Hz, 0.8H), 4.34(d, J=11.7Hz, 0.2H), 4.52-4.60(m, 0.2H), 4.64-4.68(m, 0.2H), 5.23(d,
J=6.1Hz, 0.8H), 7.20(d, J=8.3Hz, 1H), 7.28-7.45(m, 5H), 7.65-7.90(m, 1H), 8.46(br, 0.8H), 8.57(br, 0.2H). ESI-MS:m/z
=471(M+H)*.

(Example 5) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(2-hydrox yacetyl)piperidine-2-carbox-
amide:

[0146]

[0147] Accordingtothe same procedure as in Example 4, exceptthat glycolic acid was used in place of 2-methoxyacetic
acid, N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(2-hydrox yacetyl)piperidine-2-carboxamide (hereinafter
referred to as the compound of Example 5) (0.0114 g, 0.0250 mmol, 33.2%) was obtained as a white solid.

TH-NMR (400MHz, CDCl,) : 1.48-1.55(m, 1H), 1.63-1.71(m, 1H), 1.75-1.85(m, 2H), 1.91-2.02(m, 1H), 2.32(d, J=13.4Hz,
1H), 3.17-3.25(m, 1H), 3.43-3.53(m, 2H), 4.28-4.32(m, 2H), 5.26(d, J=5.6Hz, 1H), 7.22(d, J=8.3Hz, 1H), 7.30-7.45(m,
5H), 7.77(br, 1H), 8.14(br, 1H).

ESI-MS:m/z = 457(M+H)*.

(Example 6) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(2-(dimet hylamino)acetyl)piperidine-
2-carboxamide:

[0148]

[0149] According to the same procedure as in Example 4, except that N,N-dimethylglycine hydrochloride was used
in place of 2-methoxyacetic acid, N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(2-(dimet hylamino)acetyl)pip-
eridine-2-carboxamide (hereinafter referred to as the compound of Example 6) (0.0273 g, 0.0564 mmol, 90.0%) was
obtained as a white solid.

TH-NMR (400MHz, CDCl3) §: 1.40-2.20(m, 6H), 2.34(s, 3H), 2.47-2.50(m, 3.4H), 2.56-2.64(m, 0.4H), 2.92(d, J=12.6Hz,
0.6H), 3.06-3.14(m, 0.4H), 3.24(s, 0.6H), 3.67(d, J=12.6Hz, 0.6H), 4.03-4.07(m, 0.4H), 4.54-4.62(m, 1.2H), 5.24-5.27(m,
0.4H), 7.19-7.23(m, 1H), 7.30-7.46(m, 5H), 7.73-7.75(m, 1H), 8.53(br, 0.4H), 10.69(br, 0.6H).

ESI-MS:m/z = 484(M+H)*.

(Example 7) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(2,2-diflu oroacetyl)piperidine-2-car-
boxamide:

[0150]
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J

[0151] According to the same procedure as in Example 4, except that difluoroacetic acid was used in place of 2-
methoxyacetic acid, N-(2-chloro-2’-(trifluoromethoxy)-[1, 1’-biphenyl]-4-yl)-1-(2,2-diflu oroacetyl)piperidine-2-carboxam-
ide (hereinafter referred to as the compound of Example 7) (0.0212 g, 0.0444 mmol, 59.1%) was obtained as a white solid.
TH-NMR (400MHz, DMSO-Dg) &: 1.40-1.80(m, 5.0H), 2.21-2.24(m, 0.7H), 2.29-2.34(m, 0.3H), 2.65-2.68(m, 0.3H),
3.46-3.55(m, 0.7H), 3.82-3.88(m, 0.7H), 4.28-4.34(m, 0.3H), 4.79-4.81(m, 0.3H), 5.07-5.10(m, 0.7H), 6.73(t, J=52.6Hz,
0.3H), 6.83(t, J=52.7Hz,0.7H), 7.32(d, J=8.3Hz, 1H), 7.39-7.43(m, 1H), 7.45-7.51(m, 2H), 7.53-7.60(m, 2H), 7.90-7.93(m,
1H), 10.19(br, 0.3H), 10.25(br, 0.7H).

ESI-MS:m/z = 477(M+H)*.

OCF,

(Example 8) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(2-(trifluo romethoxy)acetyl)piperidine-
2-carboxamide:

[0152]

[0153] According to the same procedure as in Example 4, except that 2-trifluoromethoxyacetic acid was used in place
of 2-methoxyacetic acid, N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(2-(trifluo romethoxy)acetyl)piperidine-
2-carboxamide (hereinafter referred to as the compound of Example 8) (0.00890 g, 0.0170 mmol, 16.9%) was obtained
as a white solid.

TH-NMR (400MHz, CDClg) &: 1.55-1.71(m, 2H), 1.76-1.84(m, 2H), 1.94-2.03(m, 1H), 2.32(d, J=14.5Hz, 1H), 3.29(td,
J=13.1,2.7Hz, 1H), 3.67(d, J=12.7Hz, 1H), 4.68-4.76(m, 2H), 5.22(d, J=5.4Hz, 1H), 7.21-7.45(m, 6H), 7.81(br, 1H),
8.26(s, 1H).

ESI-MS:m/z = 523(M-H)".

(Reference Example 4) Synthesis of tert-butyl (2-(2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)carbam oyl)pip-
eridin-1-yl)-2-oxoethyl)carbamate:

[0154]

A
O OCFs HN'§O

[0155] According to the same procedure as in Example 4, except that 2-((tert-butoxycarbonyl)amino)acetic acid was
used in place of 2-methoxyacetic acid, tert-butyl (2-(2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)carbam oyl) pip-
eridin-1-yl)-2-oxoethyl)carbamate (hereinafter referred to as the compound of Reference Example 4) (0.116 g, 0.208
mmol, quantitative) was obtained as a white solid.

TH-NMR (400MHz, CDCl3) &: 1.46(s, 9H), 1.45-1.90(m, 5H), 2.38(d, J=13.2Hz, 1H), 3.21(t, J=12.1Hz, 1H), 3.75(d,
J=13.9Hz, 1H), 3.95(dd, J=16.7, 5.0Hz, 1H), 4.09-4.15(m, 1H), 5.32(d, J=4.9Hz, 1H), 5.42(br, 1H), 7.21(d, J=8.3Hz,
1H), 7.29-7.36(m, 3H), 7.40-7.45(m, 1H), 7.52(br, 1H), 7.80(br, 1H), 8.31(br, 1H).
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ESI-MS:m/z = 556(M+H)*.

(Reference Example 5) Synthesis of 1-(2-aminoacetyl)-N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl ]-4-yl)piperidine-
2-carboxamide:

[0156]

[0157] To a dichloromethane (1.0 mL) solution of the compound of Reference Example 4 (0.115 g, 0.207 mmol),
trifluoroacetic acid (0.112 mL, 1.45 mmol) was added at room temperature, followed by stirring at the same temperature
for 15 hours. The reaction solution was concentrated under reduced pressure, neutralized with an aquoeus potassium
carbonate solution, and then extracted with chloroform. The organic layer was dried over anhydrous sodium sulfate and
filtered, and then the filtrate was concentrated under reduced pressure. The residue was purified by column chroma-
tography (amine silica gel, chloroform/methanol = 100/0 to 96/4) to obtain 1-(2-aminoacetyl)-N-(2-chloro-2’-(trifluor-
omethoxy)-[1,1’-biphenyl ]-4-yl)piperidine-2-carboxamide (hereinafter referred to as the compound of Reference Exam-
ple 5) (0.0613 g, 0.134 mmol, 65.0%) as a white solid.

TH-NMR (400MHz, CDCls) &: 1.45-1.63(m, 2H), 1.70-1.81(m, 2H), 1.89-1.99(m, 1H), 2.31(d, J=14.0Hz, 1H), 3.16(td,
J=14.0,2.3Hz, 1H), 3.60(d, J=1.0Hz, 2H), 3.68(d, J=14.0Hz, 1H), 5.27(d, J=5.4Hz, 1H), 7.21(d, J=8.3Hz, 1H),
7.30-7.45(m, 5H), 7.77(br, 1H), 8.39(br, 1H).

ESI-MS:m/z = 456(M+H)*.

(Reference Example 6) Synthesis of tert-butyl (2-(2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)carbam oyl)pip-
eridin-1-yl)-2-oxoethyl)(methyl)carbamate:

[0158]

[0159] According to the same procedure as in Example 4, except that N-(tert-butoxycarbonyl)-N-methylglycine was
used in place of 2-methoxyacetic acid, tert-butyl (2-(2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)carbam oyl)pip-
eridin-1-yl)-2-oxoethyl)(methyl)carbamate (hereinafter referred to as the compound of Reference Example 6) (0.132 g,
0.232 mmol, 92.6%) was obtained as a white solid.

TH-NMR (400MHz, CDCls) &: 1.57(s, 9H), 1.38-1.80(m, 5H), 2.46-2.53(m, 1H), 3.05(s, 3H), 3.15-3.22(m, 1H), 3.66(d,
J=15.7Hz, 1H), 3.77-3.84(m, 1H), 4.41(d, J=15.7Hz, 1H), 5.41-5.44(m, 1H), 7.19(d, J=8.3Hz, 1H), 7.28-7.44(m, 4H),
7.70(br, 1H), 7.88(br, 1H), 8.61(br, 1H).

ESI-MS:m/z = 571(M+H)*.

(Example 9) Synthesis of 1-(2-acetamideacetyl)-N-(2-chloro-2'-(trifluoromethoxy)-[1,1’-biph enyl]-4-yl)piperidine-2-car-
boxamide:

[0160]
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[0161] According to the same procedure as in Example 3, except that the compound of Reference Example 5 was
used in place of the compound of Reference Example 3 and acetyl chloride was used in place of propionyl chloride,
1-(2-acetamideacetyl)-N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biph enyl]-4-yl)piperidine-2-carboxamide (hereinafter re-
ferred to as the compound of Example 9) (0.0274 g, 0.0550 mmol, 80.9%) was obtained as a white solid.

TH-NMR (400MHz, CDCl5) &: 1.50-1.90(m, 5H), 2.09(s, 3H), 2.37(d, J=14.4Hz, 1H), 3.25(td, J=13.0,2.4Hz, 1H), 3.75(d,
J=12.4Hz, 1H), 4.11(dd, J=17.2, 4.0Hz, 1H), 4.21(dd, J=17.2, 4.0Hz, 1H), 5.29(d, J=5.1Hz, 1H), 6.53(br, 1H), 7.21(d,
J=8.5Hz, 1H), 7.29-7.37(m, 3H), 7.40-7.48(m, 2H), 7.80(br, 1H), 8.26(br, 1H).

ESI-MS:m/z = 498(M+H)*.

(Example 10) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(2-(meth ylsulfonamide)acetyl)pipe-
ridine-2-carboxamide:

[0162]

OCF3 S50
0

HN

[0163] According to the same procedure as in Example 3, except that the compound of Reference Example 5 was
used in place of the compound of Reference Example 3 and methanesulfonyl chloride was used in place of propionyl
chloride, N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(2-(meth ylsulfonamide)acetyl)piperidine-2-carboxam-
ide (hereinafterreferredto as the compound of Example 10) (0.0202 g, 0.0378 mmol, 79.2%) was obtained as a white solid.
TH-NMR (400MHz, CDClj) &: 1.52-1.95(m, 5H), 2.32(d, J=14.1Hz, 1H), 3.02(s, 3H), 3.33(t, J=12.8Hz, 1H), 3.64(d,
J=13.0Hz, 1H), 4.08(d, J=4.6Hz, 2H), 5.25(d, J=4.6Hz, 1H), 5.48(br, 1H), 7.22(d, J=8.3Hz, 1H), 7.29-7.45(m, 5H), 7.81(br,
1H), 8.09(br, 1H). ESI-MS:m/z = 534(M+H)*.

(Example 11) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(2-(meth ylamino)acetyl)piperidine-
2-carboxamide:

[0164]

[0165] According to the same procedure as in Reference Example 5, except that the compound of Reference Example
6 was used in place of the compound of Reference Example 4, N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-
1-(2-(meth ylamino)acetyl)piperidine-2-carboxamide (hereinafter referred to as the compound of Example 11) (0.0799
g, 0.170 mmol, 73.4%) was obtained as a white solid.

TH-NMR (400MHz, CDCl5) &: 1.26-1.76(m, 5H), 1.90-2.06(m, 1H), 2.28-2.42(m, 1H), 2.50(s, 2.4H), 2.60-2.63(m, 0.8H),
3.15(t, J=12.2Hz, 0.8H), 3.43(d, J=12.7Hz, 0.2H), 3.52(s, 1.6H), 3.70-3.76(m, 1H), 4.58-4.63(m, 0.4H), 5.28(d, J=4.9Hz,
0.8H), 7.19-7.23(m, 1H), 7.30-7.45(m, 5H), 7.75-7.77(m, 1H), 8.44(s, 0.8H), 10.49(s, 0.2H).

ESI-MS:m/z = 470(M+H)*.
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(Example 12) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1-biphenyl]-4-yl)-1-(2-(N-me thylacetamide)acetyl)pipe-
ridine-2-carboxamide:

[0166]

[0167] According to the same procedure as in Example 3, except that the compound of Example 11 was used in place
of the compound of Reference Example 3 and acetyl chloride was used in place of propionyl chloride, N-(2-chloro-
2'-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(2-(N-me thylacetamide)acetyl)piperidine-2-carboxamide (hereinafter re-
ferred to as the compound of Example 12) (0.0261 g, 0.0510 mmol, 95.8%) was obtained as a white solid.

TH-NMR (400MHz, CDCl5) 8: 1.48-1.76(m, 5H), 2.20(s, 3H), 2.50-2.65(m, 1H), 3.24(s, 2.1H), 3.30(s, 0.9H), 3.20-3.31(m,
1H), 3.34(d, J=15.0Hz, 0.3H), 3.63(d, J=15.0Hz, 0.7H), 3.83-3.89(m, 0.7H), 4.60(d, J=15.0Hz, 0.7H), 4.64-4.70(m, 0.6H),
4.78(d, J=15.0Hz, 0.3H), 5.41(d, J=4.5Hz, 0.7H), 7.20-7.22(m, 1H), 7.30-7.35(m, 3H), 7.39-7.44(m, 1H), 7.60-7.75(m,
0.7H), 7.77(dd, J=8.4, 2.0Hz, 0.3H), 7.98-8.07(m, 0.7H), 8.14(d, J=1.8Hz, 0.3H), 8.64(br, 0.7H), 9.63(br, 0.3H).
ESI-MS:m/z = 512(M+H)*.

(Example 13) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(2-(N-me thylmethylsulfona-
mide)acetyl)piperidine-2-carboxamide:

[0168]

[0169] According to the same procedure as in Example 3, except that the compound of Example 11 was used in place
of the compound of Reference Example 3 and methanesulfonyl chloride was used in place of propionyl chloride, N-(2-
chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(2-(N-me  thylmethylsulfonamide)acetyl)piperidine-2-carboxamide
(hereinafter referred to as the compound of Example 13) (0.0264 g, 0.0482 mmol, 90.6%) was obtained as a white solid.
TH-NMR (400MHz, CDCls) &: 1.52-1.89(m, 5H), 2.35-2.38(m, 1H), 3.03-3.07(m, 6H), 3.20-3.31(m, 1H), 3.67-3.76(m,
1H), 4.16-4.27(m, 2H), 5.25-5.26(m, 1H), 7.21-7.23(m, 1H), 7.30-7.45(m, 5H), 7.83(s, 1H), 8.22(br, 1H).

ESI-MS:m/z = 548(M+H)*.

(Example 14) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(ethylsulf onyl)piperidine-2-carboxa-
mide:

[0170]

OCF.
SOy
E\Y
QS
cl N‘le:Et]
H

[0171] According to the same procedure as in Example 3, except that ethanesulfonyl chloride was used in place of
propionyl chloride, N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(ethylsulf onyl)piperidine-2-carboxamide
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(hereinafter referred to as the compound of Example 14) (0.0660 g, 0.134 mmol, 99.3%) was obtained as a white solid.
TH-NMR (400MHz, CDClg) &: 1.47(t, J = 7.4Hz, 3H), 1.58-1.68(m, 2H), 1.69-1.84(m, 3H), 2.59(d, J = 12.4Hz, 1H),
3.06-3.21(m, 4H), 3.88(d, J=12.0Hz, 1H), 4.56(d, J=8.3Hz, 1H), 7.24(d, J=8.3Hz, 1H), 7.31-7.38(m, 3H), 7.40-7.50(m,
2H), 7.85(s, 1H), 8.53(br, 1H).

ESI-MS:m/z = 491(M+H)*.

(Example 15) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(methyls ulfonyl)piperidine-2-carbox-
amide:

[0172]

[0173] According to the same procedure as in Example 3, except that methanesulfonyl chloride was used in place of
propionyl chloride, N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(methyls ulfonyl)piperidine-2-carboxamide
(hereinafter referred to as the compound of Example 15) (0.0800 g, 0.168 mmol, 66.9%) was obtained as a white solid.
TH-NMR (400MHz, CDCly) §: 1.47-1.61(m, 1H), 1.62-1.81(m, 4H), 2.45(d, J = 10.4Hz, 1H), 3.04(s, 3H), 3.23(td, J=13.3,
2.4Hz, 1H), 3.93(t, J=7.0Hz, 1H), 4.64(br, 1H), 7.25(d, J=8.5Hz, 1H), 7.30-7.38(m, 3H), 7.43(dt, J=10.8, 3.7Hz, 2H),
7.84(d, J=2.2Hz, 1H), 8.29(br, 1H).

ESI-MS:m/z = 477(M+H)*.

(Example 16) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-formylpip eridine-2-carboxamide:

[0174]

[0175] To a dichloromethane (1.0 mL) solution of the compound of Reference Example 3 (0.0400 g, 0.100 mmol),
ethyl formate (0.567 mL, 7.02 mmol) was added at 0°C and the temperature was raised to 90°C, followed by stirring for
18 hours. The reaction solution was concentrated under reduced pressure and the residue was purified by column
chromatography (silica gel, chloroform/methanol = 100/0 to 90/10) to obtain N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-bi-
phenyl]-4-yl)-1-formylpip eridine-2-carboxamide (hereinafter referred to as the compound of Example 16) (0.0300 g,
0.0703 mmol, 70.1%) as a white solid.

TH-NMR (400MHz, CDCls) &: 1.42-1.64(m, 2H), 1.82(d, J=10.0Hz, 2H), 1.95(dt, J=8.8, 4.3Hz, 1H), 2.35(d, J=13.9Hz,
1H), 3.29(td, J=13.2, 2.8Hz, 1H), 3.63(d, J=9.5Hz, 1H), 5.12(d, J=5.6Hz, 1H), 7.21(d, J=8.3Hz, 1H), 7.28-7.45(m, 5H),
7.80(br, 1H), 8.21(d, J=9.2Hz, 1H), 8.32(br, 1H).

ESI-MS:m/z = 427(M+H)*.

(Example 17) Synthesis of N2-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)piperidine-1 ,2-dicarboxamide:

[0176]
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[0177] To a dichloromethane (3.0 mL) solution of the compound of Reference Example 3 (0.100 g, 0.251 mmol),
trimethylsilyl isocyanate (0.0333 mL, 0.251 mmol) and triethylamine (0.0349 mL, 0.251 mmol) were added at 0°C and
the temperature was raised to room temperature, followed by stirring for 72 hours. To the reaction solution, methanol
was added, and the solution was concentrated under reduced pressure. The residue was purified by column chroma-
tography (silica gel, chloroform) to obtain N2-(2-chloro-2'-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)piperidine-1 ,2-dicarbo-
xamide (hereinafter referred to as the compound of Example 17) (0.0300 g, 0.0679 mmol, 27.1%) as a white solid.
TH-NMR (400MHz, CDCl5) : 1.50-1.68(m, 2H), 1.73(br, 2H), 1.81-1.92(m, 1H), 2.30(d, J=12.9Hz, 1H), 3.21(dt, J=12.8,
2.6Hz, 1H), 3.52(d, J=13.2Hz, 1H), 4.81(br, 2H), 5.03(d, J=4.6Hz, 1H), 7.20(d, J=8.3Hz, 1H), 7.29-7.37(m, 3H), 7.42(dt,
J=10.8, 3.8Hz, 2H), 7.81(br, 1H), 8.95(br, 1H).

ESI-MS:m/z = 442(M+H)*.

(Example 18) Synthesis of N2-(2-chloro-2’~(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-N1,N1-dime thylpiperidine-1,2-dicar-
boxamide:

[0178]

[0179] According to the same procedure as in Example 3, except that dimethylcarbamoyl chloride was used in place
of propionyl chloride, N2-(2-chloro-2'-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-N1,N1-dime thylpiperidine-1,2-dicarboxam-
ide (hereinafterreferred to as the compound of Example 18) (0.0231 g, 0.0492 mmol, 65.4%) was obtained as a white solid.
TH-NMR (400MHz, CDClj) &: 1.48-1.78(m, 4H), 1.92-2.05(m, 1H), 2.27-2.35(m, 1H), 2.94(s, 6H), 2.87-2.99(m, 1H),
3.40-3.46(m, 1H), 4.47-4.51(m, 1H), 7.20(d, J=8.6Hz, 1H), 7.30-8.00(m, 6H), 10.60(br, 1H).

ESI-MS:m/z = 470(M+H)*.

(Example 19) Synthesis of methyl 2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)carbamoyl) piperidine-1-carbox-
ylate:

[0180]

[0181] According to the same procedure as in Example 3, except that methyl chloroformate was used as propionyl
chloride, methyl 2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)carbamoyl) piperidine-1-carboxylate (hereinafter
referred to as the compound of Example 19) (0.0316 g, 0.0692 mmol, 92.0%) was obtained as a white solid.

TH-NMR (400MHz, CDCl,) 8: 1.46-1.78(m, 5H), 2.30-2.41(m, 1H), 2.92(t, J=12.1Hz, 1H), 3.81(s, 3H), 4.05-4.20(br, 1H),
4.93(d, J=4.6Hz, 1H), 7.23(d, J=8.5Hz, 1H), 7.31-7.45(m, 5H), 7.74-7.86(m, 1H), 8.21(br, 1H).

ESI-MS:m/z = 457(M+H)*.

(Reference Example 7) Synthesis of tert-butyl (R)-2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)carbam oyl)pip-
eridine-1-carboxylate:

[0182]
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[0183] Toa DMF (18 mL) solution of (R)-(+)-1-(tert-butoxycarbonyl)piperidine-2-carboxylic acid (0.840 g, 3.66 mmol),
the compound of Reference Example 1 (1.05 g, 3.66 mmol), HATU (1.53 g, 4.03 mmol), and diisopropylethylamine
(0.768 mL, 4.40 mmol) were added at room temperature, followed by stirring at the same temperature for 18 hours. To
the reaction solution, distilled water was added, and the solution was extracted with ethyl acetate. The organic layer
was washed with saturated brine, dried over anhydrous sodium sulfate and filtered, and then the filtrate was concentrated
under reduced pressure. The residue was purified by column chromatography (silica gel, n-hexane/ethyl acetate = 80/20)
to obtain tert-butyl (R)-2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)carbam oyl)piperidine-1-carboxylate (here-
inafter referred to as the compound of Reference Example 7) (1.60 g, 3.20 mmol, 87.3%) as a white solid.

TH-NMR (400MHz, CDCl3) §: 1.43-1.51(m, 2H), 1.53(s, 9H), 1.60-1.75(m, 3H), 2.35(d, J=12.7Hz, 1H), 2.80-2.89(m, 1H),
4.03-4.13(m, 1H), 4.86-4.89(m, 1H), 7.22(d, J=8.3Hz, 1H), 7.29-7.45(m, 6H), 7.80(br, 1H).

ESI-MS:m/z = 499(M+H)*.

(Reference Example 8) Synthesis of (R)-N-(2-chloro-2’-(trifluoromethoxy)-[1,1°-biphenyl]-4-yl)piperidin e-2-carboxam-
ide:

[0184]

O OCF3
QL
Cl NJ""' N
U

[0185] To adichloromethane (30 mL) solution of the compound of Reference Example 7 (1.60 g, 3.21 mmol), trifluor-
oacetic acid (8.02 mL, 104 mmol) was added at room temperature, followed by stirring at the same temperature for 2
hours. To the reaction solution, distilled water was added, and the solution was extracted with chloroform. The aqueous
layer was neutralized by adding an aqueous 1M sodium hydroxide solution and then extracted with chloroform. The
organic layer was washed with distilled water and saturated brine, dried over anhydrous sodium sulfate, and filtered,
and then the filtrate was concentrated under reduced pressure to obtain (R)-N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-bi-
phenyl]-4-yl)piperidin e-2-carboxamide (hereinafter referred to as the compound of Reference Example 8) (1.13 g, 2.84
mmol, 88.6%) as a white solid. TH-NMR (400MHz, CDCl3) &: 1.53(ddd, J=36.8,17.9,8.8Hz, 4H), 1.78-1.86(m, 1H),
2.00-2.07(m, 1H), 2.74-2.82(m, 1H), 3.03-3.10(m, 1H), 3.38(dd, J=9.6, 3.5Hz, 1H), 7.23(d, J=8.3Hz, 1H), 7.31-7.37(m,
3H), 7.40-7.45(m, 1H), 7.53(dd, J=8.3, 2.0Hz, 1H), 7.82(d, J=2.2Hz, 1H), 9.02(br, 1H).
ESI-MS:m/z = 399(M+H)*.

(Example 20) Synthesis of (R)-1-acetyl-N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl )piperidine-2-carboxamide:

[0186]
Ein OCF,

ALY

o N QNJ

[0187] To adichloromethane (36 mL) solution of the compound of Reference Example 8 (1.43 g, 3.59 mmol), triethyl-
amine (0.750 mL, 5.38 mmol) and acetic anhydride (0.338 mL, 3.59 mmol) were added at 0°C and the temperature was
raised to room temperature, followed by stirring for 30 minutes. To the reaction solution, distilled water was added, and
the solution was extracted with chloroform. The organic layer was washed with distilled water and saturated brine, dried
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over anhydrous sodium sulfate and filtered, and then the filtrate was concentrated under reduced pressure. The residue
was purified by column chromatography (silica gel, chloroform/methanol = 95/5) to obtain (R)-1-acetyl-N-(2-chloro-
2'-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl )piperidine-2-carboxamide (hereinafter referred to as the compound of Example
20) (1.02 g, 2.32 mmol, 64.6%) as a white solid. As a result of analysis using a chiral column, the retention time of the
thus obtained compound of Example 20 was 32.8 minutes, and the optical purity at that time was 99.0%ee. The analysis
conditions using the chiral column are as follows.

Measurement equipment; High-performance liquid chromatograph LC-2010CHT, manufactured by Shimadzu Corpora-
tion

Column; CHIRALCEL OD-RH 0.46 cmcp X 15 cm, particle size of 5 wm, manufactured by Daicel Chemical Industries Ltd.
Column temperature; 40°C

Mobile phase; (Solution A) aqueous 20 mM potassium dihydrogen phosphate solution, (Solution B) acetonitrile
Composition of mobile phase; Solution A:Solution B = 60:40 to 50:50 (0 to 40 minutes, linear gradient)

Solution A:Solution B = 50:50 to 60:40 (40 to 41 minutes, linear gradient)

Solution A:Solution B = 60:40 (41 to 50 minutes) Flow rate; 0.5 mL/minute

Detection; UV (210 nm)

TH-NMR (400MHz, CDCl5) 8: 1.46-1.63(m, 1H), 1.67(d, J=7.8Hz, 1H), 1.89-2.02(m, 2H), 2.22(s, 3H), 2.29(d, J=12.9Hz,
1H), 3.22(t, J=13.2Hz, 1H), 3.78(d, J=12.7Hz, 1H), 5.29(d, J=5.1Hz, 1H), 7.20(d, J=8.3Hz, 1H), 7.29-7.37(m, 3H),
7.40-7.44(m, 2H), 7.80(br, 1H), 8.65(br, 1H).

ESI-MS:m/z = 441(M+H)*.

(Example 21) Synthesis of (R)-N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(met hylsulfonyl)piperidine-2-car-
boxamide:

[0188]

OCF
A o
QL
Cl N‘JL“[ii]
H

[0189] According to the same procedure as in Example 3, except that the compound of Reference Example 8 was
used in place of the compound of Reference Example 3 and methanesulfonyl chloride was used in place of propionyl
chloride, (R)-N-(2-chloro-2'-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(met hylsulfonyl)piperidine-2-carboxamide (herein-
after referred to as the compound of Example 21) (0.0600 g, 0.126 mmol, 99.0%) was obtained as a white solid.
TH-NMR (400MHz, CDClj) §: 1.47-1.61(m, 1H), 1.62-1.81(m, 4H), 2.45(d, J=10.4Hz, 1H), 3.04(s, 3H), 3.23(td, J=13.3,
2.4Hz, 1H), 3.93(t, J=7.0Hz, 1H), 4.64(br, 1H), 7.25(d, J=8.5Hz, 1H), 7.30-7.38(m, 3H), 7.43(dt, J=10.8, 3.7Hz, 2H),
7.84(d, J=2.2Hz, 1H), 8.29(br, 1H).

ESI-MS:m/z = 477(M+H)*.

(Example 22) Synthesis of (R)-N2-(2-chloro-2'-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)piperidi ne-1,2-dicarboxamide:

[0190]

OCF,
liln O:T,NHZ
N

e Hﬁ...o

[0191] To a dichloromethane (30 mL) solution of the compound of Reference Example 8 (3.00 g, 7.52 mmol), trimeth-
ylsilyl isocyanate (2.00 mL, 15.04 mmol) and triethylamine (1.05 mL, 7.57 mmol) were added at 0°C and the temperature
was raised to room temperature, followed by stirring for 18 hours. To the reaction solution, methanol was added, and
the solution was concentrated under reduced pressure. The residue was purified by column chromatography (silica gel,
chloroform) to obtain (R)-N2-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)piperidi ne-1,2-dicarboxamide (hereinaf-
ter referred to as the compound of Example 22) (2.50 g, 5.66 mmol, 75.2%) as a white solid.

29



10

15

20

25

30

35

40

45

50

55

EP 3 409 660 A1

1H-NMR (400MHz, CDCl,) 5: 1.50-1.68(m, 2H), 1.73(br, 2H), 1.81-1.92(m, 1H), 2.30(d, J=12.9Hz, 1H), 3.21(dt, J=12.8,
2.6Hz, 1H), 3.52(d, J=13.2Hz, 1H), 4.81(br, 2H), 5.03(d, J=4.6Hz, 1H), 7.20(d, J=8.3Hz, 1H), 7.29-7.37(m, 3H), 7.42(dt,
J=10.8, 3.8Hz, 2H), 7.81(br, 1H), 8.95(br, 1H).

ESI-MS:m/z = 442(M+H)*.

(Example 23) Synthesis of (R)-N-(2-chloro-2’-(trifluoromethoxy)-[1,1-biphenyl]-4-yl)-1-(2,2, 2-trifluoroacetyl)piperidine-
2-carboxamide:

[0192]

OCF,
O Oﬁ,CF3
N

paRbs

[0193] To adichloromethane (75 mL) solution of the compound of Reference Example 8 (3.00 g, 7.52 mmol), triethyl-
amine (1.57 mL, 11.28 mmol) and trifluoroacetic anhydride (1.17 mL, 8.27 mmol) were added at 0°C and the temperature
was raised to room temperature, followed by stirring for 30 minutes. To the reaction solution, distilled water was added,
and the solution was extracted with chloroform. The organic layer was washed with distilled water and saturated brine,
dried over anhydrous sodium sulfate and filtered, and then the filtrate was concentrated under reduced pressure. The
residue was purified by column chromatography (silica gel, n-hexane/ethyl acetate = 20/80) to obtain (R)-N-(2-chloro-
2'-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(2,2, 2-trifluoroacetyl)piperidine-2-carboxamide (hereinafter referred to as
the compound of Example 23) (2.50 g, 5.05 mmol, 67.2%) as a white solid. As a result of analysis using a chiral column,
the retention time of the thus obtained compound of Example 23 was 33.6 minutes, and the optical purity at that time
was 95.0%ee. The analysis conditions using the chiral column are as follows.

Measurement equipment; High-performance liquid chromatograph LC-2010CHT, manufactured by Shimadzu Corpora-
tion

Column; CHIRALCEL OD-RH 0.46 cmcp X 15 cm, particle size of 5 wm, manufactured by Daicel Chemical Industries Ltd.
Column temperature; 40°C

Mobile phase; (Solution A) 20 mM aqueous potassium dihydrogen phosphate solution, (Solution B) acetonitrile
Composition of mobile phase; Solution A:Solution B = 60:40 to 50:50 (0 to 40 minutes, linear gradient)

Solution A:Solution B = 50:50 to 60:40 (40 to 41 minutes, linear gradient)

Solution A:Solution B = 60:40 (41 to 50 minutes)

Flow rate; 0.5 mL/minute

Detection; UV (210 nm)

TH-NMR (400MHz, CDCl5) &: 1.56-1.86(m, 4H), 1.98(dt, J=11.2, 4.6Hz, 1H), 2.36(d, J=14.1Hz, 1H), 3.37(td, J = 13.4,
2.6Hz, 1H), 4.01(d, J=13.9Hz, 1H), 5.18(d, J = 5.4Hz, 1H), 7.21(d, J=8.3Hz, 1H), 7.30-7.46(m, 5H), 7.79(br, 1H), 7.89(br,
1H).

ESI-MS:m/z = 495(M+H)*.

(Reference Example 9) Synthesis of (1R,5S)-2-((R)-1-phenylethyl)-6-oxa-2-azabicyclo[3.2.1]octan-7-0 ne:

l,". I: ]

N

[0194]

O —ys®’

o

[0195] To a DMF (30 mL) solution of (R)-a-methylbenzylamine (3.77 mL, 29.6 mmol), potassium carbonate (4.09 g,
29.6 mmol) and 4-bromo-1-butene (3.01 mL, 29.6 mmol) were added at room temperature, followed by stirring at the
same temperature for 24 hours. To the reaction solution, distilled water was added, and the solution was extracted with
diethyl ether. The organic layer was washed with saturated brine, dried over anhydrous sodium sulfate and filtered, and
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then the filtrate was concentrated under reduced pressure. To a tetrahydrofuran (12 mL) solution of the residue, glyoxylic
acid (4.09 mL, 36.8 mmol) was added at 0°C and the temperature was raised to 60°C, followed by stirring for 9 hours.
To the reaction solution, distilled water and an aqueous 1M sodium hydroxide solution was added, and the solution was
extracted with ethyl acetate. The organic layer was washed with an aqueous saturated sodium hydrogen carbonate
solution, distilled water, and saturated brine, dried over anhydrous sodium sulfate and filtered, and then the filtrate was
concentrated under reduced pressure. The residue was purified by column chromatography (silica gel, n-hexane/ethyl
acetate = 91/9 to 85/15) to obtain (1R,5S)-2-((R)-1-phenylethyl)-6-oxa-2-azabicyclo[3.2.1]Joctan-7-0 ne (hereinafter re-
ferred to as the compound of Reference Example 9) (1.73 g, 7.48 mmol, 25.3%) as a pale yellow oily product.
TH-NMR (400MHz, CDCl) &: 1.33(d, J=6.6Hz, 3H), 1.82(d, J=11.7Hz, 1H), 1.87-1.95(m, 1H), 2.03-2.12(m, 2H), 2.47(td,
J=11.8, 5.1Hz, 1H), 3.19(d, J=5.1Hz, 1H), 3.35(dd, J=12.0, 6.6Hz, 1H), 3.70(q, J=6.6Hz, 1H), 4.78(t, J=5.1Hz, 1H),
7.23-7.27(m, 1H), 7.31-7.35(m, 2H), 7.39-7.41(m, 2H).

ESI-MS:m/z = 232(M+H)*.

(Reference Example 10) Synthesis of (1R,5S)-2-(tert-butoxycarbonyl)-6-oxa-2-azabicyclo[3.2.1]-octan-7 -one:

[0196]

[0197] To an ethyl acetate (25 mL) solution of the compound of Reference Example 9 (1.73 g, 7.48 mmol), 20% by
weight palladium hydroxide-carbon (containing 50% by weight of water, 0.210 g) and di-tert-butyl dicarbonate (1.80 g,
8.23 mmol) were added at room temperature, followed by stirring in a hydrogen atmospshere at the same temperature
for 36 hours. The reaction solution was filtered through Celite and then the filtrate was concentrated under reduced
pressure. The residue was suspended in diethyl ether/n-hexane = 1/9(v/v) and the obtained solid was collected by
filtration and dried to obtain (1R,5S)-2-(tert-butoxycarbonyl)-6-oxa-2-azabicyclo[3.2.1]-octan-7 -one (hereinafter referred
to as the compound of Reference Example 10) (1.63 g, 7.17 mmol, 95.9%) as a white solid.

TH-NMR (400MHz, CDCls) 5: 1.48(s, 9H), 1.84-1.93(m, 1H), 1.95(d, J=12.0Hz, 1H), 2.03-2.06(m, 1H), 2.29-2.32(m, 1H),
3.18-3.21(m, 1H), 4.06(m, 1H), 4.70-4.85(m, 1H), 4.97(t, J=5.1Hz, 1H). ESI-MS:m/z = 228(M+H)*.

(Reference Example 11) Synthesis of tert-butyl (2R,4S)-2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)car
bamoyl)-4-hydroxypiperidine-1-carboxylate:

[0198]
OCF,
!ilu !ilﬂ jic)ﬁggo
cl NS
e

H

Qs

[0199] To a toluene (2.3 mL) solution of the compound of Reference Example 10 (0.320 g, 1.41 mmol), a trimethyla-
luminum-toluene solution (1.4M, 1.31 mL, 1.83 mmol) was added at 0°C and the temperature was raised to room
temperature, followed by stirring for 30 minutes. A toluene (2.3 mL) solution of the compound of Reference Example 1
(0.486 g, 1.690 mmol) was added and the temperature was raised to 50°C, followed by stirring for 4 hours. To the
reaction solution, 1M hydochloric acid was added, and the solution was extracted with ethyl acetate. The organic layer
was washed with distilled water and saturated brine, dried over anhydrous sodium sulfate and filtered, and then the
filtrate was concentrated under reduced pressure. The residue was purified by column chromatography (silica gel, n-
hexane/ethyl acetate = 80/20 to 50/50) to obtain tert-butyl (2R,4S)-2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-
yl)car bamoyl)-4-hydroxypiperidine-1-carboxylate (hereinafter referred to as the compound of Reference Example 11)
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(0.654 g, 1.27 mmol, 90.2%) as a white solid.

TH-NMR (400MHz, CDCl3) 8: 1.54(s, 9H), 1.66-1.69(m, 1H), 1.78-1.82(m, 1H), 1.93-2.00(m, 1H), 2.40(d, J=13.4Hz, 1H),
3.25(td, J=13.2, 2.4Hz, 1H), 3.86-3.88(m, 1H), 4.12-4.14(m, 1H), 4.98-5.00(m, 1H), 5.20(br, 1H), 7.24(d, J=8.3Hz, 1H),
7.30-7.46(m, 5H), 7.75-7.78(m, 1H), 9.08(br, 1H).

ESI-MS:m/z = 515(M+H)*.

(Reference Example 12) Synthesis of (2R,4S)-N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-4-hydroxypiperid-
ine-2-carboxamide hydrochloride:

[0200]

OCF,
il Eill O HHCI
cl NJL“ N
G
OH

[0201] To an ethyl acetate (0.5 mL) solution of the compound of Reference Example 11 (0.0500 g, 0.0973 mmol), a
hydrogen chloride-ethyl acetate solution (4.0M, 0.486 mL, 1.94 mmol) was added at 0°C and the temperature was raised
to room temperature, followed by stirring for 3 hours. The reaction solution was filtered and the obtained solid collected
by filtration was washed with ethyl acetate and then dried to obtain (2R,4S)-N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-bi-
phenyl]-4-yl)-4-hydroxypiperidine-2-carboxamide hydrochloride (hereinafter referred to as the compound of Reference
Example 12) (0.0409 g, 0.0908 mmol, 93.3%) as a white solid.

TH-NMR(DMSO-Dg) §: 1.46-1.62(m, 2H), 1.91-1.94(m, 1H), 2.42-2.45(m, 1H), 3.01(t, J=12.2Hz, 1H), 3.28-3.32(m, 1H),
3.69-3.78(m, 1H), 4.00(d, J=12.0Hz, 1H), 5.28(d, J=4.9Hz, 1H), 7.38(d, J=8.3Hz, 1H), 7.42(dd, J=7.8, 1.7Hz, 1H),
7.48-7.52(m, 2H), 7.56-7.64(m, 2H), 7.94(s, 1H), 8.93(br, 1H), 11.00(s, 1H).

ESI-MS:m/z = 415(M+H)*.

(Reference Example 13) Synthesis of tert-butyl (2R,4R)-2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)car
bamoyl)-4-fluoropiperidine-1-carboxylate:

[0202]

OCF,

J

08,0
0y
CI O NJL'. N

G

[0203] To a dichloromethane (1.9 mL) solution of the compound of Reference Example 11 (0.100 g, 0.194 mmol),
(diethylamino)sulfur trifluoride (0.0380 mL, 0.291 mmol) was added at -78°C and the temperature was raised to room
temperature, followed by stirring for 24 hours. To the reaction solution, an aqueous saturated sodium hydrogen carbonate
solution was added, and the solution was extracted with chloroform. The organic layer was washed with saturated brine,
dried over anhydrous sodium sulfate and filtered, and then the filtrate was concentrated under reduced pressure. The
residue was purified by column chromatography (silica gel, n-hexane/ethyl acetate = 90/10 to 80/20) to obtain tert-butyl
(2R,4R)-2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)car bamoyl)-4-fluoropiperidine-1-carboxylate (hereinafter
referred to as the compound of Reference Example 13) (0.0272 g, 0.0527 mmol, 27.2%) as a white solid.

TH-NMR (400MHz, CDClj) §: 1.48-1.56(m, 1H), 1.54(s, 9H), 1.59-1.86(m, 2H), 2.07-2.19(m, 1H), 2.65-2.71(m, 1H),
2.93(t, J=12.8Hz, 1H), 4.10-4.13(m, 1H), 5.04-5.06(m, 1H), 7.22(d, J=8.3Hz, 1H), 7.29-7.36(m, 4H), 7.41-7.45(m, 1H),
7.76(br, 1H). ESI-MS:m/z = 517(M+H)*.
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(Reference Example 14) Synthesis of (2R,4R)-N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-4-f luoropiperidine-
2-carboxamide hydrochloride:

[0204]

i OCF3;

O Jol H HCI

Cl N N

H

F
[0205] According to the same procedure as in Example 12, except that the compound of Reference Example 13 was
used in place of the compound of Reference Example 11, (2R,4R)-N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-
yl)-4-f luoropiperidine-2-carboxamide hydrochloride (hereinafter referred to as the compound of Reference Example 14)

(0.0186 g, 0.0410 mmol, 84.9%) was obtained as a white solid.

TH-NMR(DMSO-Dg) 8: 1.89-2.06(m, 2H), 2.24-2.33(m, 1H), 3.12-3.27(m, 2H), 4.18(d, J=12.4Hz, 1H), 5.16(d, J=47.1Hz,

1H), 7.38(d, J=8.5Hz, 1H), 7.42(dd, J=7.9, 1.8Hz, 1H), 7.48-7.52(m, 2H), 7.56-7.61(m, 2H), 7.95(br, 1H), 9.12(br, 1H),
10.97(s, 1H). ESI-MS:m/z = 417(M+H)*.

(Reference Example 15) Synthesis of tert-butyl (2R,4R)-2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)car
bamoyl)-4-(formyloxy)piperidine-1-carboxylate:

[0206]

O OCF; Y
Cl O NJOL
H

Y

v
O

H

[0207] Toatetrahydrofuran (1.0 mL)solution of triphenylphosphine (0.153 g, 0.583 mmol), diisopropyl azodicarboxylate
(0.113 mL, 0.583 mmol) was added at 0°C and, after stirring at the same temperature for 1 hour, formic acid (0.0220
mL, 0.583 mmol) was added and the mixture was stirred at the same temperature for 30 minutes. A tetrahydrofuran
(1.00 mL) solution of the compound of Reference Example 11 (0.200 g, 0.388 mmol) was added dropwise and the
temperature was raised to room temperature, followed by stirring for 12 hours. The reaction solution was concentrated
under reduced pressure and the residue was purified by column chromatography (silica gel, n-hexane/ethyl acetate =
85/15 to 70/30) to obtain tert-butyl (2R,4R)-2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)car bamoyl)-4-(formy-
loxy)piperidine-1-carboxylate (hereinafter referred to as the compound of Reference Example 15) (0.0939 g, 0.173 mmol,
44.5%) as a white solid.

TH-NMR (400MHz, CDClj) &: 1.28-1.37(m, 2H), 1.54(s, 9H), 1.67-1.74(m, 1H), 2.07-2.12(m, 1H), 2.61-2.63(m, 1H),
2.96-3.02(m, 1H), 4.12-4.14(m, 1H), 5.06(br, 1H), 5.43(br, 1H), 7.22(d, J=8.3Hz, 1H), 7.32-7.37(m, 3H), 7.41-7.45(m,
2H), 7.80(br, 1H), 8.06(s, 1H).

ESI-MS:m/z = 543(M+H)*.

(Reference Example 16) Synthesis of tert-butyl (2R,4R)-2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)car
bamoyl)-4-hydroxypiperidine-1-carboxylate:

[0208]
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[0209] To a methanol (1.1 mL) solution of the compound of Reference Example 15 (0.0900 g, 0.166 mmol), a sodium
methoxide-methanol solution (4.0M, 0.0207 mL, 0.0828 mmol) was added at 0°C, followed by stirring at the same
temperature for 15 minutes. To the reaction solution, 1M hydochloric acid was added, and the solution was extracted
with ethyl acetate. The organic layer was washed with saturated brine, dried over anhydrous sodium sulfate and filtered,
and then the filtrate was concentrated under reduced pressure. The residue was purified by column chromatography
(silica gel, n-hexane/ethyl acetate = 80/20 to 50/50) to obtain tert-butyl (2R,4R)-2-((2-chloro-2’-(trifluoromethoxy)-[1,1-
biphenyl]-4-yl)car bamoyl)-4-hydroxypiperidine-1-carboxylate (hereinafter referred to as the compound of Reference
Example 16) (0.0844 g, 0.164 mmol, 99.3%) as a white solid.

TH-NMR (400MHz, CDCl3) &: 1.46-1.54(m, 2H), 1.54(s, 9H), 1.68-1.71(m, 1H), 1.94-1.97(m, 1H), 2.54-2.56(m, 1H),
2.86-2.93(m, 1H), 4.13-4.22(m, 2H), 5.04(br, 1H), 7.22(d, J=8.3Hz, 1H), 7.30-7.45(m, 5H), 7.78(br, 1H), 8.52(s, 1H).
ESI-MS:m/z = 515(M+H)*.

(Reference Example 17) Synthesis of tert-butyl (R)-2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)carbam oyl)-4-
oxopiperidine-1-carboxylate:

[0210]

OCF,

J

08,0
oY
CI O HJL'. N

0]

[0211] To a dichloromethane (2.0 mL) solution of the compound of Reference Example 11 (0.210 g, 0.408 mmol),
Dess-Martin periodinane (0.190 g, 0.449 mmol) was added at 0°C and the temperature was raised to room temperature,
followed by stirring for 3 hours. To the reaction solution, an aqueous sodium thiosulfate solution was added, and the
solution was extracted with ethyl acetate. The organic layer was washed with distilled water and saturated brine, dried
over anhydrous sodium sulfate and filtered, and then the filtrate was concentrated under reduced pressure. The residue
was purified by column chromatography (silica gel, n-hexane/ethyl acetate = 90/10 to 60/40) to obtain tert-butyl (R)-
2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)carbam oyl)-4-oxopiperidine-1-carboxylate (hereinafter referred to
as the compound of Reference Example 17) (0.190 g, 0.370 mmol, 90.9%) as a white solid.

TH-NMR (400MHz, CDCl5) 8: 1.56(s, 9H), 2.46-2.53(m, 1H), 2.61-2.73(m, 2H), 3.00(dd, J=16.5,3.3Hz, 1H), 3.66-3.73(m,
1H), 3.82(br, 1H), 5.05(s, 1H), 7.22(d, J=8.3Hz, 1H), 7.29-7.36(m, 3H), 7.41-7.45(m, 2H), 7.78(br, 1H), 9.14(br, 1H).
ESI-MS:m/z = 513(M+H)*.

(Reference Example 18) Synthesis of tert-butyl (R)-2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)carbam oyl)-
4,4-difluoropiperidine-1-carboxylate:

[0212]

OCF,

J

08,0
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[0213] To a dichloromethane (1.9 mL) solution of the compound of Reference Example 17 (0.190 g, 0.370 mmol),
(diethylamino)sulfur trifluoride (0.108 mL, 0.815 mmol) was added at 0°C and the temperature was raised to room
temperature, followed by stirring for 24 hours. To the reaction solution, an aqueous saturated sodium hydrogen carbonate
solution was added, and the solution was extracted with chloroform. The organic layer was washed with saturated brine,
dried over anhydrous sodium sulfate and filtered, and then the filtrate was concentrated under reduced pressure. The
residue was purified by column chromatography (silica gel, n-hexane/ethyl acetate = 85/15 to 70/30) to obtain tert-butyl
(R)-2-((2-chloro-2’~(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)carbam oyl)-4,4-difluoropiperidine-1-carboxylate (hereinafter
referred to as the compound of Reference Example 18) (0.0393 g, 0.0735 mmol, 19.8%) as a white solid.

TH-NMR (400MHz, CDCl3) &: 1.54(s, 9H), 1.86-2.15(m, 3H), 2.99-3.07(m, 1H), 3.21(td, J=13.3,2.7Hz, 1H), 4.22-4.25(m,
1H), 5.07(br, 1H), 7.24(d, J=8.5Hz, 1H), 7.30-7.37(m, 3H), 7.41-7.46(m, 2H), 7.76(s, 1H), 7.97(br, 1H).

ESI-MS:m/z = 535(M+H)*.

(Example 24) Synthesis of (2R,4S)-1-acetyl-N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-4-hydroxypiperidine-
2-carboxamide:

[0214]

O OCF,
0
b

Be Hﬁ...o

OH

[0215] According to the same procedure as in Example 3, except that the compound of Reference Example 12 was
used in place of the compound of Reference Example 3 and acetyl chloride was used in place of propionyl chloride,
(2R,48S)-1-acetyl-N-(2-chloro-2’-(trifluoromethoxy)-[1,1-biphenyl]-4-yl)-4-hydroxypiperidine-2-carboxamide (hereinafter
referred to as the compound of Example 24) (0.0166 g, 0.0363 mmol, 91.1%) was obtained as a white solid.

TH-NMR (400MHz, CDCls) 8: 1.68-1.76(m, 1H), 1.87-1.98(m, 2H), 2.24(s, 3H), 2.39(d, J=14.6Hz, 1H), 3.50-3.57(m, 1H),
3.61-3.66(m, 1H), 4.14-4.17(m, 1H), 5.42(d, J=6.8Hz, 1H), 5.52(d, J=6.8Hz, 1H), 7.23(d, J=8.5Hz, 1H), 7.31-7.37(m,
3H), 7.41-7.46(m, 2H), 7.77(br, 1H), 9.15(s, 1H).

ESI-MS:m/z = 457(M+H)*.

(Example 25) Synthesis of (2R,4R)-1-acetyl-N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-4-fluoropiperidine-2-
carboxamide:

[0216]
O OCF4
o)
T

) ”ﬁQ

F

[0217] According to the same procedure as in Example 3, except that the compound of Reference Example 14 was
used in place of the compound of Reference Example 3 and acetyl chloride was used in place of propionyl chloride,
(2R,4R)-1-acetyl-N-(2-chloro-2’-(trifluoromethoxy)-[1,1”-biphenyl]-4-yl)-4-fluoropiperidine-2-carboxamide  (hereinafter
referred to as the compound of Example 25) (0.0108 g, 0.0235 mmol, 62.8%) was obtained as a white solid.

TH-NMR (400MHz, CDClj) §: 1.69-1.85(m, 2H), 2.22-2.25(m, 1H), 2.25(s, 3H), 2.62-2.69(m, 1H), 3.21-3.28(m, 1H),
3.85(dd, J=13.4,2.9Hz, 1H), 5.24-5.43(m, 1H), 5.43(d, J=5.4Hz, 1H), 7.21(d, J=8.3Hz, 1H), 7.30-7.36(m, 3H),
7.41-7.45(m, 2H), 7.70-7.82(m, 1H), 8.72(s, 1H).

ESI-MS:m/z = 459(M+H)*.
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(Example 26) Synthesis of (2R,4S)-N-(2-chloro-2’-(trifluoromethoxy)-[1,1-biphenyl]-4-yl)-4-hydroxy-1-(methylsulfo-
nyl)piperidine-2-carboxamide:

[0218]

X NJL..&
o

[0219] According to the same procedure as in Example 3, except that the compound of Reference Example 12 was
used in place of the compound of Reference Example 3 and methanesulfonyl chloride was used in place of propionyl
chloride, (2R,4S)-N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-4-hydroxy-1-(methylsulfonyl)piperidine-2-car-
boxamide (hereinafter referred to as the compound of Example 26) (0.00841 g, 0.0171 mmol, 42.7%) was obtained as
a white solid.

TH-NMR (400MHz, CDCl,) &: 1.68-1.76(m, 1H), 1.85-1.88(m, 1H), 1.99(ddd, J=14.9,6.9,3.1Hz, 1H), 2.61(d, J=14.9Hz,
1H), 3.03(s, 3H), 3.55-3.62(m, 1H), 3.72(d, J=4.6Hz, 1H), 3.75-3.79(m, 1H), 4.22-4.24(m, 1H), 4.66(d, J=6.6Hz, 1H),
7.25-7.27(m, 1H), 7.31-7.37(m, 3H), 7.42-7.46(m, 2H), 7.81(d, J=2.0Hz, 1H), 8.58(s, 1H).

ESI-MS:m/z = 493(M+H)*.

(Example 27) Synthesis of (2R,4R)-1-acetyl-N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-4-hydroxypiperidine-
2-carboxamide:

[0220]

OCF,

J

o)
0y
Cl O HJL» N

OH

[0221] To an ethyl acetate (0.4 mL) solution of the compound of Reference Example 16 (0.0200 g, 0.0388 mmol), a
hydrogen chloride-ethyl acetate solution (4.0M, 0.194 mL, 1.94 mmol) was added at 0°C and the temperature was raised
to room temperature, followed by stirring for 3 hours. The reaction solution was concentrated under reduced pressure
and the residue was dissolved in dichloromethane (0.8 mL) and then triethylamine (0.00135 mL, 0.0970 mmol) and
acetyl chloride (0.00359 mL, 0.0504 mmol) were added at 0°C, followed by stirring at the same temperature for 1 hour.
To the reaction solution, methanol was added, and the solution was concentrated under reduced pressure. The residue
was purified by column chromatography (silica gel, ethyl acetate/methanol = 100/0 to 97/3) to obtain (2R,4R)-1-acetyl-
N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-4-hydroxypiperidine-2-carboxamide (hereinafter referred to as the
compound of Example 27) (0.0106 g, 0.0232 mmol, 59.7%) as a white solid.

TH-NMR (400MHz, CDClj) §: 1.47-1.57(m, 2H), 1.81(d, J=3.6Hz, 1H), 2.04-2.09(m, 1H), 2.25(s, 3H), 2.50(ddt, J=13.1,
5.0, 1.8Hz, 1H), 3.22(td, J = 13.4, 2.6Hz, 1H), 3.85(d, J=13.4Hz, 1H), 4.40-4.48(m, 1H), 5.43(d, J=5.9Hz, 1H), 7.21(d,
J=8.2Hz, 1H), 7.30-7.37(m, 3H), 7.41-7.45(m, 2H), 7.69-7.83(m, 1H), 8.65(s, 1H).

ESI-MS:m/z = 457(M+H)*.

(Example 28) Synthesis of (R)-N-(2-chloro-2’-(trifluoromethoxy)-[1,1°-biphenyl]-4-yl)-4,4-difl uoro-1-(methylsulfonyl)pip-
eridine-2-carboxamide:

[0222]
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[0223] According to the same procedure as in Example 27, except that the compound of Reference Example 18 was
used in place of the compound of Reference Example 16 and methanesulfonyl chloride was used in place of acetyl
chloride, (R)-N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-4,4-difl uoro-1-(methylsulfonyl)piperidine-2-carboxa-
mide (hereinafter referred to as the compound of Example 28) (0.0127 g, 0.0248 mmol, 77.0%) was obtained as a white
solid.

TH-NMR (400MHz, CDCl5) &: 1.95-2.12(m, 1H), 2.15-2.32(m, 2H), 2.95-3.02(m, 1H), 3.10(s, 3H), 3.60(td, J=13.5, 3.0Hz,
1H), 4.02-4.08(m, 1H), 4.89(d, J=7.2Hz, 1H), 7.26(d, J=8.2Hz, 1H), 7.30-7.37(m, 3H), 7.42-7.46(m, 2H), 7.76(s, 1H),
7.93(s, 1H). ESI-MS:m/z = 513(M+H)*.

(Reference Example 19) Synthesis of tert-butyl 2-(N-methylmethylsulfonamide)acetate:

[0224]

[0225] To a dichloromethane (2.0 mL) solution of tert-butyl 2-(methylamino)acetate hydrochloride (0.100 g, 0.550
mmol), triethylamine (0.192 mL, 1.385 mmol) and methanesulfonyl chloride (0.0515 mL, 0.661 mmol) were added at
0°C and the temperature was raised to room temperature, followed by stirring for 3 hours. To the reaction solution, an
aquoues saturated ammonium chloride solution was added, and the solution was extracted with chloroform. The organic
layerwas dried over anhydrous sodium sulfate and filtered, and then thefiltrate was concentrated under reduced pressure.
The residue was purified by column chromatography (silica gel, n-hexane/ethyl acetate = 90/10 to 70/30) to obtain tert-
butyl 2-(N-methylmethylsulfonamide)acetate (hereinafter referred to as the compound of Reference Example 19) (0.117
g, 0.524 mmol, 95.2%) as a colorless oily product.

TH-NMR (400MHz, CDCl3) &: 1.48(s, 9H), 2.98(s, 3H), 3.00(s, 3H), 3.98(s, 2H).

(Reference Example 20) Synthesis of 2-(N-methylmethylsulfonamide)acetic acid:

[0226]

9

N
HOJK/ \IS/
7\
O 0

[0227] To an acetonitrile (1.5 mL) solution of the compound of Reference Example 19 (0.117 g, 0.524 mmol), a
hydrogen chloride-ethyl acetate solution (4.0M, 1.31 mL, 5.24 mmol) was added at 0°C and the temperature was raised
to room temperature, followed by stirring for 16 hours. The reaction solution was concentrated under reduced pressure
to obtain crude 2-(N-methylmethylsulfonamide)acetic acid (hereinafter referred to as the compound of Reference Ex-
ample 20) (0.0855 g) as a colorless oily product. The compound of Reference Example 20 was directly used for the
subsequent reaction.

TH-NMR (400MHz, CDClg) 8: 2.99(s, 3H), 3.01(s, 3H), 4.14(s, 2H). ESI-MS:m/z = 168(M+H)*.

(Example 29) Synthesis of (R)-N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(2-(N -methylmethylsulfona-
mide)acetyl)piperidine-2-carboxamide:

[0228]
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[0229] To a DMF (2.0 mL) solution of the compound of Reference Example 20 (0.0850 g, 0.508 mmol), a DMF (1.0
mL) solution of the compound of Reference Example 8 (0.184 g, 0.462 mmol), HATU (0.193 g, 0.508 mmol), and
diisopropylethylamine (0.121 mL, 0.693 mmol) were added at room temperature, followed by stirring at the same tem-
perature for 18 hours. To the reaction solution, distilled water was added, and the solution was extracted with a mixed
solvent of n-hexane/ethyl acetate = 20/80(v/v). The organic layer was washed with saturated brine, dried over anhydrous
sodium sulfate and filtered, and then the filtrate was concentrated under reduced pressure. The residue was purified by
column chromatography (silica gel, n-hexane/ethyl acetate = 50/50 to 30/70) to obtain (R)-N-(2-chloro-2’-(trifluorometh-
oxy)-[1,1’-biphenyl]-4-yl)-1-(2-(N -methylmethylsulfonamide)acetyl)piperidine-2-carboxamide (hereinafter referred to as
the compound of Example 29) (0.209 g, 0.380 mmol, 82.0%) as a white solid. As a result of analysis using a chiral
column, the retention time of the thus obtained compound of Example 29 was 34.5 minutes, and the optical purity at
that time was 98.2%ee. The analysis conditions using the chiral column are as follows.

Measurement equipment; High-performance liquid chromatograph LC-2010CHT, manufactured by Shimadzu Corpora-
tion

Column; CHIRALCEL OD-RH 0.46 cmcp X 15 cm, particle size of 5 wum, manufactured by Daicel Chemical Industries Ltd.
Column temperature; 40°C

Mobile phase; (Solution A) 20 mM aqueous potassium dihydrogen phosphate solution, (Solution B) acetonitrile
Composition of mobile phase; Solution A:Solution B = 60:40 to 50:50 (0 to 40 minutes, linear gradient)

Solution A:Solution B = 50:50 to 60:40 (40 to 41 minutes, linear gradient)

Solution A:Solution B = 60:40 (41 to 50 minutes)

Flow rate; 0.5 mL/minute

Detection; UV (210 nm)

TH-NMR (400MHz, CDCl3) &: 1.52-1.89(m, 5H), 2.35-2.38(m, 1H), 3.03-3.07(m, 6H), 3.20-3.31(m, 1H), 3.67-3.76(m,
1H), 4.16-4.27(m, 2H), 5.25-5.26(m, 1H), 7.21-7.23(m, 1H), 7.30-7.45(m, 5H), 7.83(s, 1H), 8.22(br, 1H).

ESI-MS:m/z = 548(M+H)*.

(Reference Example 21) Synthesis of tert-butyl (3-(2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)carbam oyl)pip-
eridin-1-yl)-3-oxopropyl)carbamate:

[0230]

O OCF, Jmo
0
cl O Hﬁ\@

[0231] According to the same procedure as in Example 4, except that 3-((tert-butoxycarbonyl)amino)propanoic acid
was used in place of 2-methoxyacetic acid, tert-butyl (3-(2-((2-chloro-2'-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)carbam
oyl)piperidin-1-yl)-3-oxopropyl)carbamate (hereinafter referred to as the compound of Reference Example 21) (0.288
g, 0.505 mmol, quantitative) was obtained as a white solid.

TH-NMR (400MHz, CDCl3) &: 1.39(s, 9H), 1.50-1.90(5H,m), 2.35(d, J=13.7Hz, 1H), 2.55-2.75(m, 2H), 3.20(t, J=12.8Hz,
1H), 3.41-3.49(m, 1H), 3.50-3.60(m, 1H), 3.80(d, J=13.7Hz, 1H)5.17(br, 1H), 5.33(d, J=4.9Hz, 1H), 7.20(d, J=8.3Hz,
1H), 7.29-7.60(m, 5H), 7.70-7.89(m, 1H), 8.65(br, 1H).

ESI-MS:m/z = 570(M+H)*.
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(Example 30) Synthesis of 1-(3-aminopropanoyl)-N-(2-chloro-2’-(trifluoromethoxy)-[1,1-biph enyl]-4-yl)piperidine-2-car-
boxamide:

[0232]

[0233] According to the same procedure as in Reference Example 5, except that the compound of Reference Example
21 was used in place of the compound of Reference Example 4, 1-(3-aminopropanoyl)-N-(2-chloro-2’-(trifluorometh-
oxy)-[1,1’-biph enyl]-4-yl)piperidine-2-carboxamide (hereinafter referred to as the compound of Example 30) (0.155 g,
0.329 mmol, 65.6%) was obtained as a white solid.

TH-NMR (400MHz, CDClj) §: 1.46-1.82(m, 5H), 2.43(d, J=13.1Hz, 1H)2.56(dt, J=15.3, 6.2Hz, 1H), 2.71-2.79(m, 1H),
3.09-3.21(m, 3H), 3.88(d, J=13.1Hz, 1H), 5.43(d, J=5.0Hz, 1H), 7.19(d, J=8.2Hz, 1H), 7.29-7.36(m, 3H), 7.40-7.85(m,
3H), 8.96(br, 1H).

ESI-MS:m/z = 470(M+H)*.

(Example 31) Synthesis of 1-(3-acetamidepropanoyl)-N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)piperidine-2-
carboxamide:

[0234]

[0235] According to the same procedure as in Example 3, except that the compound of Example 30 was used in place
of the compound of Reference Example 3 and acetyl chloride was used in place of propionyl chloride, 1-(3-acetamide-
propanoyl)-N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)piperidine-2-carboxamide (hereinafter referred to as the
compound of Example 31) (0.0218 g, 0.0420 mmol, 99.1%) was obtained as a white solid.

TH-NMR (400MHz, CDClj) §: 1.46-1.94(m, 5H), 1.98(s, 3H), 2.34(d, J=13.3Hz, 1H), 2.60-2.73(m, 2H), 3.20(td, J=13.3,
2.4Hz, 1H), 3.52-3.70(m, 2H), 3.79(d, J=13.3Hz, 1H), 5.30(d, J=4.5Hz, 1H), 6.23(br, 1H), 7.21(d, J=8.2Hz, 1H),
7.30-7.90(m, 6H), 8.51(br, 1H). ESI-MS:m/z = 512(M+H)*.

(Example 32) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(3-(meth ylsulfonamide)pro-
panoyl)piperidine-2-carboxamide:

[0236]

[0237] According to the same procedure as in Example 3, except that the compound of Example 30 was used in place
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of the compound of Reference Example 3 and methanesulfonyl chloride was used in place of propionyl chloride, N-(2-
chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(3-(meth ylsulfonamide)propanoyl)piperidine-2-carboxamide (herein-
after referred to as the compound of Example 32) (0.0224 g, 0.0409 mmol, 96.1%) was obtained as a white solid.
TH-NMR (400MHz, CDCls) §: 1.50-1.90(m, 5H), 2.33(d, J=13.5Hz, 1H), 2.75-2.80(m, 2H)3.00(s, 3H), 3.22(t, J=13.5Hz,
1H), 3.45-3.51(m, 2H), 3.77(d, J=13.5Hz, 1H), 5.26-5.30(m, 2H), 7.22(d, J=8.3Hz, 1H), 7.30-7.44(m, 5H), 7.80(br, 1H),
8.22(br, 1H).

ESI-MS:m/z = 548(M+H)*.

(Example 33) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(3-(dimet hylamino)propanoyl)pipe-
ridine-2-carboxamide:

[0238]

[0239] According to the same procedure as in Example 4, except that 3-(dimethylamino)propanoic acid hydrochloride
was used as 2-methoxyacetic acid, N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(3-(dimet hylamino)pro-
panoyl)piperidine-2-carboxamide (hereinafter referred to as the compound of Example 33) (0.0274 g, 0.0550 mmol,
73.2%) was obtained as a white solid.

TH-NMR (400MHz, CDClj) &: 1.49-1.83(m, 5H), 2.27(s, 6H), 2.38-2.45(m, 1H), 2.56-2.61(m, 1H), 2.66-2.80(m, 3H),
3.12-3.20(m, 1H), 3.85-3.93(m, 1H), 5.42(d, J=5.4Hz, 1H), 7.21(d, J=8.3Hz, 1H), 7.27-7.45(m, 6H), 8.73(br, 1H).
ESI-MS:m/z = 498(M+H)*.

(Reference Example 22) Synthesis of tert-butyl (3-(2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)carbam oyl)pip-
eridin-1-yl)-3-oxopropyl)(methyl)carbamate:

[0240]

OYO

NQ

[0241] Accordingtothe same procedure as in Example 4, except that 3-((tert-butoxycarbonyl)(methyl)amino)propanoic
acid was used in place of 2-methoxyacetic acid, tert-butyl (3-(2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)car-
bam oyl)piperidin-1-yl)-3-oxopropyl)(methyl)carbamate (hereinafter referred to as the compound of Reference Example
22) (0.130 g, 0.223 mmol, 89.0%) was obtained as a white solid.

TH-NMR (400MHz, CDCl5) §: 1.35(s, 9H), 1.30-1.77(m, 5H), 2.37-2.80(m, 3H), 2.93(s, 3H), 3.18-3.30(m, 2H)3.84(d,
J=13.7Hz, 1H), 3.95-4.03(m, 1H), 5.38-5.42(m, 1H), 7.20(d, J=8.3Hz, 1H), 7.31-7.46(m, 4H), 7.66-7.72(m, 1H),
7.90-7.92(m, 1H), 9.10(br, 1H).

ESI-MS:m/z = 584(M+H)*.

(Example 34) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(3-(meth ylamino)propanoyl)piperid-
ine-2-carboxamide:

[0242]
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[0243] According to the same procedure as in Reference Example 5, except that the compound of Reference Example
22 was used in place of the compound of Reference Example 4, N-(2-chloro-2’-(trifluoromethoxy)-[1, 1’-biphenyl]-4-yl)-
1-(3-(meth ylamino)propanoyl)piperidine-2-carboxamide (hereinafter referred to as the compound of Example 34) (0.804
g, 0.166 mmol, 74.6%) was obtained as a white solid.

TH-NMR (400MHz, CDCl3) §: 1.46-1.83(m, 5H), 2.47(s, 3H), 2.40-2.48(m, 1H), 2.75-2.83(m, 1H), 2.94-2.99(m, 2H),
3.16(td, J=13.1, 2.6Hz, 1H), 3.88(d, J=13.1Hz, 1H), 5.41(d, J=5.4Hz, 1H), 7.21(d, J=8.3Hz, 1H), 7.30-7.81(m, 6H),
8.80(br, 1H).

ESI-MS:m/z = 484(M+H)*.

(Example 35) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(3-(N-me thylacetamide)pro-
panoyl)piperidine-2-carboxamide:

[0244]

[0245] According to the same procedure as in Example 3, except that the compound of Example 34 was used in place
of the compound of Reference Example 3 and acetyl chloride was used in place of propionyl chloride, N-(2-chloro-
2'-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(3-(N-me thylacetamide)propanoyl)piperidine-2-carboxamide (hereinafter
referred to as the compound of Example 35) (0.0316 g, 0.0601 mmol, 74.5%) was obtained as a white solid.

TH-NMR (400MHz, CDClg) §: 1.48-1.77(m, 5H), 2.09(s, 3H), 2.45(d, J=13.7Hz, 1H), 2.59-2.79(m, 2H), 3.11(s, 3H),
3.20-3.29(m, 2H), 3.84(d, J=13.7Hz, 1H), 4.21-4.28(m, 1H), 5.35(d, J=5.1Hz, 1H), 7.20(d, J=8.3Hz, 1H), 7.31-7.36(m,
3H), 7.38-7.44(m, 1H), 7.70-7.80(m, 1H), 7.97-8.06(m, 1H), 9.09(br, 1H).

ESI-MS:m/z = 526(M+H)*.

(Example 36) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(3-(N-me thylmethylsulfonamide)pro-
panoyl)piperidine-2-carboxamide:

[0246]
ogi"
O OCF N
® ooﬁj
cl N7 SN

[0247] According to the same procedure as in Example 3, except that the compound of Example 34 was used in place
of the compound of Reference Example 3 and methanesulfonyl chloride was used in place of propionyl chloride, N-(2-
chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(3-(N-me thylmethylsulfonamide)propanoyl)piperidine-2-carboxam-
ide (hereinafterreferredto as the compound of Example 36) (0.0380g, 0.0676 mmol, 86.2%) was obtained as a white solid.
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1H-NMR (400MHz, CDCly) &: 1.50-1.98(m, 5H), 2.35(d, J=13.5Hz, 1H), 2.76(dt, J=15.9, 7.0Hz, 1H), 2.86(s, 3H),
2.83-2.89(m, 1H), 2.95(s, 3H), 3.20(td, J=13.5, 2.7Hz, 1H), 3.50-3.57(m, 2H), 3.85(d, J=13.5Hz, 1H), 5.31(d, J=5.0Hz,
1H), 7.21(d, J=8.2Hz, 1H), 7.30-7.36(m, 3H), 7.40-7.52(m, 2H), 7.80-7.83(m, 1H), 8.42(br, 1H).
ESI-MS:m/z = 584(M+H)*.

(Reference Example 23) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(2-(ethyl amino)acetyl)pip-
eridine-2-carboxamide:

[0248]

[0249] To a dichloromethane (1.0 mL) solution of the compound of Reference Example 5 (0.0400 g, 0.0877 mmol), a
dichloromethane (0.0600 mL) solution of acetaldehyde (0.00464 g, 0.105 mmol), acetic acid (0.000502 mL, 0.00877
mmol), and sodium triacetoxyborohydride (0.0279m g, 0.132 mmol) were added at 0°C and the temperature was raised
to room temperature, followed by stirring for 2.5 hours. To the reaction solution, an aqueous saturated sodium hydrogen
carbonate solution was added, and the solution was extracted with chloroform. The organic layer was washed with
saturated brine, dried over anhydrous sodium sulfate and filtered, and then the filtrate was concentrated under reduced
pressure. The residue was purified by column chromatography (amine silica gel, n-hexane/ethyl acetate = 40/60 to
0/100) to obtain N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(2-(ethyl amino)acetyl)piperidine-2-carboxam-
ide (hereinafter referred to as the compound of Reference Example 23) (0.0193 g, 0.00399 mmol, 45.5%) as a white solid.
TH-NMR (400MHz, CDClg) 8: 1.17(t, J=7.1Hz, 3H), 1.38-1.80(m, 5H), 1.90-2.00(m, 1H), 2.30-2.45(m, 1H), 2.55-2.90(m,
2H), 3.16(t, J=13.3Hz, 1H), 3.56(s, 2H), 3.70-3.76(m, 1H), 5.29(d, J=4.9Hz, 1H), 7.20-7.45(m, 6H), 7.70-7.90(m, 1H),
8.46(s, 1H).

ESI-MS:m/z = 484(M+H)*.

(Example 37) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(2-(N-eth ylmethylsulfona-
mide)acetyl)piperidine-2-carboxamide:

[0250]

N

i OCF; NS
0 Oﬁ)

[0251] According to the same procedure as in Example 3, except that the compound of Reference Example 23 was
used in place of the compound of Reference Example 3 and methanesulfonyl chloride was used in place of propionyl
chloride, N-(2-chloro-2’-(trifluoromethoxy)-[1,1-biphenyl]-4-yl)-1-(2-(N-eth yImethylsulfonamide)acetyl)piperidine-2-car-
boxamide (hereinafter referred to as the compound of Example 37) (0.0175 g, 0.0311 mmol, 78.1%) was obtained as
a white solid.

TH-NMR (400MHz, CDCl3) &: 1.25(t, J=7.1Hz, 3H), 1.50-1.90(m, 5H), 2.38(d, J=13.0Hz, 1H), 3.07(s, 3H), 3.25(t,
J=13.0Hz, 1H), 3.43(q, J=7.1Hz, 2H), 3.76(d, J=13.0Hz, 1H), 4.14(d, J=17.0Hz, 1H), 4.30(d, J=17.0Hz, 1H), 5.27(d,
J=4.6Hz, 1H), 7.21(d, J=8.3Hz, 1H), 7.29-7.36(m, 3H), 7.40-7.45(m, 2H), 7.83-7.85(m, 1H), 8.23(br, 1H).

ESI-MS:m/z = 584(M+Na)*.
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(Reference Example 24) Synthesis of tert-butyl (R)-(3-(2-((2-chloro-2’-(trifluoromethoxy)-[1,1"-biphenyl]-4-yl)car
bamoyl)piperidin-1-yl)-3-oxopropyl)carbamate:

[0252]
00
Y
NH

O OCF,4 ) ﬁ),
LAY
e

[0253] According to the same procedure as in Example 4, except that 3-((tert-butoxycarbonyl)amino)propanoic acid
was used in place of 2-methoxyacetic acid and the compound of Reference Example 8 was used in place of the compound
of Reference Example 3, tert-butyl (R)-(3-(2-((2-chloro-2’-(trifluoromethoxy)-[1,1”-biphenyl]-4-yl)car bamoyl)piperidin-1-
yl)-3-oxopropyl)carbamate (hereinafter referred to as the compound of Reference Example 24) (0.104 g, 0.182 mmol,
96.7%) was obtained as a white solid.

TH-NMR (400MHz, CDCl,) &: 1.39(s, 9H), 1.50-1.90(5H, m), 2.35(d, J=13.7Hz, 1H), 2.55-2.75(m, 2H), 3.20(t, J=12.8Hz,
1H), 3.41-3.49(m, 1H), 3.50-3.60(m, 1H), 3.80(d, J=13.7Hz, 1H), 5.17(br, 1H), 5.33(d, J=4.9Hz, 1H), 7.20(d, J=8.3Hz,
1H), 7.29-7.60(m, 5H), 7.70-7.89(m, 1H), 8.65(br, 1H).

ESI-MS:m/z = 570(M+H)*.

(Example 38) Synthesis of (R)-1-(3-aminopropanoyl)-N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)piperidine-2-

carboxamide:
i OCF5 NH,
cl N2 (NJ
H

[0255] According to the same procedure as in Reference Example 5, except that the compound of Reference Example
24 was used in place of the compound of Reference Example 4, (R)-1-(3-aminopropanoyl)-N-(2-chloro-2’-(trifluorometh-
oxy)-[1,1’-biphenyl]-4-yl)piperidine-2-carboxamide (hereinafter referred to as the compound of Example 38) (0.497 g,
0.106 mmol, 58.5%) was obtained as a white solid.

TH-NMR (400MHz, CDClj) 8: 1.46-1.82(m, 5H), 2.43(d, J=13.1Hz, 1H)2.56(dt, J=15.3, 6.2Hz, 1H), 2.71-2.79(m, 1H),
3.09-3.21(m, 3H), 3.88(d, J=13.1Hz, 1H), 5.43(d, J=5.0Hz, 1H), 7.19(d, J=8.2Hz, 1H), 7.29-7.36(m, 3H), 7.40-7.85(m,
3H), 8.96(br, 1H).

ESI-MS:m/z = 470(M+H)*.

[0254]

(Example 39) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(3-(meth ylthio)propanoyl)piperidine-
2-carboxamide:

[0256]
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[0257] According to the same procedure as in Example 4, except that 3-(methylthio)propanoic acid was used in place
of 2-methoxyacetic acid, N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(3-(meth ylthio)propanoyl)piperidine-2-
carboxamide (hereinafter referred to as the compound of Example 39) (0.0489 g, 0.0976 mmol, 97.4%) was obtained
as a white solid.

TH-NMR (400MHz, CDCl3) 5: 1.51-1.90(m, 5H), 2.18(s, 3H), 2.36(d, J=13.9Hz, 1H), 2.68-2.77(m, 1H), 2.80-2.99(m, 3H),
3.17(td, J=13.2, 2.6Hz, 1H), 3.86(d, J=12.4Hz, 1H), 5.37(d, J=4.9Hz, 1H), 7.20(d, J=8.3Hz, 1H), 7.30-7.52(m, 5H),
7.66-7.90(m, 1H), 8.49(br, 1H).

ESI-MS:m/z = 501(M+H)*.

(Example 40) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(3-(meth ylsulfonyl)propanoyl)piperi-
dine-2-carboxamide:

[0258]

[0259] To a dichloromethane (1.0 mL) solution of the compound of Example 39 (0.0480 g, 0.0958 mmol), 3-chlorop-
erbenzoic acid (0.0496 g, 0.287 mmol) was added at 0°C and the temperature was raised to room temperature, followed
by stirring for 17 hours. To the reaction solution, an aquoeous saturated sodium thiosulfate solution and saturated sodium
hydrogen carbonate were added, and the solution was extracted with chloroform. The organic layer was washed with
saturated brine, dried over anhydrous sodium sulfate and filtered, and then the filtrate was concentrated under reduced
pressure. The residue was purified by column chromatography (silica gel, n-hexane/ethyl acetate = 50/50 to 25/75) to
obtain N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(3-(meth ylsulfonyl)propanoyl)piperidine-2-carboxamide
(hereinafter referred to as the compound of Example 40) (0.0412 g, 0.0773 mmol, 80.6%) as a white solid.

TH-NMR (400MHz, CDCl5) &: 1.50-1.82(m, 5H), 2.45-2.48(m, 1H), 2.79(td, J= 11.0,5.9Hz, 1H), 3.06(s, 3H), 3.18-3.27(m,
2H), 3.40(dt, J=13.8, 5.5Hz, 1H), 3.77-3.79(m, 1H), 3.93-3.96(m, 1H), 5.41(d, J=5.4Hz, 1H), 7.20(d, J=8.5Hz, 1H),
7.30-7.36(m, 3H), 7.40-7.44(m, 1H), 7.51-7.53(m, 1H), 7.86-7.89(m, 1H), 8.28(br, 1H).

ESI-MS:m/z = 533(M+H)*.

(Reference Example 25) Synthesis of tert-butyl (R)-(3-(2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)car
bamoyl)piperidin-1-yl)-3-oxopropyl)(methyl)carbamate:

[0260]

OCF; 07\1,\0
o
ol HJL,' (NJ

[0261] Accordingtothe same procedure as in Example 4, except that 3-((tert-butoxycarbonyl)(methyl)amino)propanoic
acid was used in place of 2-methoxyacetic acid and the compound of Reference Example 8 was used in place of the
compound of Reference Example 3, tert-butyl (R)-(3-(2-((2-chloro-2’-(trifluoromethoxy)-[1,1-biphenyl]-4-yl)car
bamoyl)piperidin-1-yl)-3-oxopropyl)(methyl)carbamate (hereinafter referred to as the compound of Reference Example
25) (0.117 g, 0.201 mmol, 91.5%) was obtained as a white solid.

TH-NMR (400MHz, CDClg) &: 1.35(s, 9H), 1.30-1.77(m5H,), 2.37-2.80(m, 3H), 2.93(s, 3H), 3.18-3.30(m, 2H), 3.84(d,
J=13.7Hz, 1H), 3.95-4.03(m, 1H), 5.38-5.42(m, 1H), 7.20(d, J=8.3Hz, 1H), 7.31-7.46(m, 4H), 7.66-7.72(m, 1H),
7.90-7.92(m, 1H), 9.10(br, 1H).
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ESI-MS:m/z = 584(M+H)*.

(Example 41) Synthesis of (R)-N-(2-chloro-2’-(trifluoromethoxy)-[1, 1’-biphenyl]-4-yl)-
1-(3-( methylamino)propanoyl)piperidine-2-carboxamide:

|
ocC
‘G E‘Fs Q OJNH
ol H,th[jj:]

[0263] According to the same procedure as in Reference Example 5, except that the compound of Reference Example
25 was used in place of the compound of Reference Example 4, (R)-N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-
yl)-1-(3-( methylamino)propanoyl)piperidine-2-carboxamide (hereinafter referred to as the compound of Example 41)
(0.748 g, 0.155 mmol, 77.1%) was obtained as a white solid.

TH-NMR (400MHz, CDClj) §: 1.46-1.83(m, 5H), 2.47(s, 3H), 2.40-2.48(m, 1H), 2.75-2.83(m, 1H), 2.94-2.99(m, 2H),
3.16(td, J=13.1, 2.6Hz, 1H), 3.88(d, J=13.1Hz, 1H), 5.41(d, J=5.4Hz, 1H), 7.21(d, J=8.3Hz, 1H), 7.30-7.81(m, 6H),
8.80(br, 1H).

ESI-MS:m/z = 484(M+H)*.

[0262]

(Example 42) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(3-hydrox ypropanoyl)piperidine-2-

carboxamide:
O OCF; OH
ooﬁi
Cl N‘u‘T:Et]
H

[0265] According to the same procedure as in Example 4, except that 3-hydroxypropanoic acid was used in place of
2-methoxyacetic acid, N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(3-hydrox ypropanoyl)piperidine-2-car-
boxamide (hereinafter referred to as the compound of Example 42) (0.212 g, 0.450 mmol, 59.9%) was obtained as a
white solid.

TH-NMR (400MHz, CDCl3) &: 1.50-1.92(m, 4H), 2.35(d, J=14.1Hz, 1H), 2.64-2.80(m, 2H), 3.06(t, J=6.3Hz, 1H), 3.19(td,
J=13.2, 2.4Hz, 1H), 3.83(d, J=14.1Hz, 1H), 3.98(q, J=5.4Hz, 2H), 5.34(d, J=5.4Hz, 1H), 7.21(d, J=8.0Hz, 1H),
7.30-7.44(m, 6H), 7.70-7.90(brm,1H), 8.39(br, 1H).

ESI-MS:m/z = 471(M+H)*.

[0264]

(Example 43) Synthesis of methyl 3-(2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)carbamo yl)piperidin-1-yl)-3-
oxopropanoate:

[0266]

Cl N
H
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[0267] According to the same procedure as in Example 3, except that methyl 3-chloro-3-oxopropanoate was used in
place of propionyl chloride, methyl 3-(2-((2-chloro-2’~(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)carbamo yl)piperidin-1-yl)-3-
oxopropanoate (hereinafter referred to as the compound of Example 43) (0.0500 g, 0.100 mmol, 80.0%) was obtained
as a white solid.

TH-NMR (400MHz, CDCl3) : 1.50-1.80(m, 5H), 2.57-2.62(m, 1H), 3.16-3.25(m, 1H), 3.57(d, J=17.2Hz, 1H), 3.59-3.65(m,
1H), 3.84(s, 3H), 3.85(d, J=17.2Hz, 2H), 5.49(s, 1H), 7.22(d, J=8.2Hz, 1H), 7.30-7.37(m, 3H), 7.40-7.44(m, 1H),
7.92-7.95(m, 1H), 8.87(br, 1H).

ESI-MS:m/z = 499(M+H)*.

(Example 44) Synthesis of methyl 4-(2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)carbamo yl)piperidin-1-yl)-4-
oxobutanoate:

[0268]

i OCF, o
CL A
cl NJ‘\LNJ

H

[0269] According to the same procedure as in Example 3, except that methyl 4-chloro-4-oxobutanoate was used in
place of propionyl chloride, methyl 4-(2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)carbamo yl)piperidin-1-yl)-4-
oxobutanoate (hereinafter referred to as the compound of Example 44) (0.0390 g, 0.0760 mmol, quantitative) was
obtained as a white solid.

TH-NMR (400MHz, CDCls) &: 1.52-1.60(m, 5H), 2.42-2.60(m, 2H), 2.62-2.70(m, 1H), 2.88-2.96(m, 1H), 2.99-3.08(m,
1H), 3.22(d, J=14.6Hz, 1H), 3.74(s, 3H), 3.97(d, J=14.6Hz, 1H), 5.46(d, J=5.4Hz, 1H), 7.21(d, J=8.3Hz, 1H), 7.28-7.44(m,
6H), 8.49(br, 1H).

ESI-MS:m/z = 513(M+H)*.

(Example 45) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(3-metho xypropanoyl)piperidine-2-
carboxamide:

[0270]

[0271] According to the same procedure as in Reference Example 2, except that 1-(3-methoxypropanoyl)piperidine-
2-carboxylic acid was used in place of 1-(tert-butoxycarbonyl)piperidine-2-carboxylic acid, N-(2-chloro-2’-(trifluorometh-
oxy)-[1,1’-biphenyl]-4-yl)-1-(3-metho xypropanoyl)piperidine-2-carboxamide (hereinafter referred to as the compound of
Example 45) (0.0467 g, 0.0963 mmol, 50.6%) was obtained as a white solid.

TH-NMR (400MHz, CDClg) &: 1.46-1.87(m, 5H), 2.39(d, J=13.9Hz, 1H), 2.64(dt, J=15.0, 5.7Hz, 1H), 2.85-2.92(m, 1H),
3.14(td, J=13.1, 2.3Hz, 1H), 3.38(s, 3H), 3.67-3.78(m, 1H), 3.81-3.86(m, 1H), 3.92(d, J=13.9Hz, 1H), 5.40(d, J=4.9Hz,
1H), 7.21(d, J=8.3Hz, 1H), 7.29-7.80(m, 6H), 8.46(s, 1H).

ESI-MS:m/z = 483(M-H)-~.

(Example 46) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(1-methyl - 1H-pyrazole-4-carbon-
yl)piperidine-2-carboxamide:

[0272]
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O OCF3 ’N‘
N~
® OOYQ’
N

Cl N
H

[0273] According to the same procedure as in Example 4, except that 1-methyl-1H-pyrazole-4-carboxylic acid was
used in place of 2-methoxyacetic acid, N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(1-methyl -1H-pyrazole-
4-carbonyl)piperidine-2-carboxamide (hereinafter referred to as the compound of Example 46) (0.0314 g, 0.0619 mmol,
82.4%) was obtained as a white solid.

TH-NMR (400MHz, CDCl3) 8: 1.62-1.71(m, 2H), 1.78-1.87(m, 2H), 1.99-2.11(m, 1H), 2.37(d, J=12.9Hz, 1H), 3.08-3.21(m,
1H), 3.96(s, 3H), 4.13-4.23(m, 1H), 5.18-5.20(m, 1H), 7.22(d, J=8.3Hz, 1H), 7.27-7.90(m, 6H), 7.70(s, 1H), 7.81(s, 1H),
9.18(br, 1H).

ESI-MS:m/z = 507(M+H)*.

(Example 47) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(1-methyl -1H-imidazole-4-carbon-
yl)piperidine-2-carboxamide:

[0274]

[0275] According to the same procedure as in Example 4, except that 1-methyl-1H-imidazole-4-carboxylic acid was
used in place of 2-methoxyacetic acid, N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(1-methyl -1H-imidazole-
4-carbonyl)piperidine-2-carboxamide (hereinafter referred to as the compound of Example 47) (0.0369 g, 0.0728 mmol,
96.9%) was obtained as a white solid.

TH-NMR (400MHz, CDCl3) §: 1.45-1.83(m, 4H), 2.15-2.32(m, 2H), 2.75-2.87(m, 1H), 3.79(s, 3H), 4.55-4.65(m, 1H),
5.31-5.37(m, 1H), 7.21(d, J=8.3Hz, 1H), 7.31-7.63(m, 7H), 7.75-7.90(m, 1H), 11.47(br, 1H).

ESI-MS:m/z = 507(M+H)*.

(Example 48) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(1H-pyra zole-4-carbonyl)piperidine-
2-carboxamide:

[0276]

NH
O Ooﬁ/g/
N

Cl N
H

[0277] According to the same procedure as in Example 4, except that 1H-pyrazole-4-carboxylic acid was used in place
of 2-methoxyacetic acid, N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(1H-pyra zole-4-carbonyl)piperidine-2-
carboxamide (hereinafter referred to as the compound of Example 48) (0.0163 g, 0.0331 mmol, 44.0%) was obtained
as a white solid.

TH-NMR (400MHz, CDCl3) &: 1.45-1.90(m, 4H), 1.95-2.17(m, 1H), 2.33-2.43(m, 1H), 3.15-3.26(m, 1H), 4.09-4.21(m,
1H), 5.20-5.27(m, 1H), 7.22(d, J=8.5Hz, 1H), 7.28-7.52(m, 5H), 7.70-8.00(m, 3H), 9.16(br, 1H), 10.79(br, 1H).
ESI-MS:m/z = 493(M+H)*.
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(Reference Example 26) Synthesis of methyl 1-(2-(N-methylmethylsulfonamide)acetyl)piperidine-2-carboxylate:

[0278]

[0279] According to the same procedure as in Example 4, except that the compound of Reference Example 20 was
used in place of 2-methoxyacetic acid and methyl piperidine-2-carboxylate hydrochloride was used in place of the
compound of Reference Example 3, 1-(2-(N-methylmethylsulfonamide)acetyl)piperidine-2-carboxylic acidmethyl (here-
inafter referred to as the compound of Reference Example 26) (0.934 g, 3.19 mmol, 82.0) was obtained as a white solid.
TH-NMR (400MHz, CDClg) §: 1.24-1.76(m, 5H), 2.25-2.32(m, 1H), 2.99(s, 3H), 3.00(s, 3H), 3.25(td, J=13.0, 3.2Hz, 1H),
3.58-3.64(m, 1H), 3.75(d, J=4.6Hz, 3H), 4.11(d, J=17.1Hz, 1H), 4.30(d, J=17.1Hz, 1H), 5.25(d, J=5.6Hz, 1H).
ESI-MS:m/z = 293(M+H)*.

(Reference Example 27) Synthesis of 1-(2-(N-methylmethylsulfonamide)acetyl)piperidine-2-carboxylic acid:

[0280]

[0281] To amethanol (10.0 mL) solution of the compound of Reference Example 26 (0.933 g, 3.19 mmol), an aqueous
1M sodium hydroxide solution (3.83 mL, 3.83 mmol) was added at 0°C and the temperature was raised to room tem-
perature, followed by stirring for 17 hours. To the reaction solution, 1M hydochloric acid was added, and the solution
was extracted with chloroform. The organic layer was washed with saturated brine, dried over anhydrous sodium sulfate
and filtered, and then the filtrate was concentrated under reduced pressure to obtain crude 1-(2-(N-methylmethylsulfon-
amide)acetyl)piperidine-2-carboxylic acid (hereinafter referred to as the compound of Reference Example 27) (0.812g)
as a white solid. The compound of Reference Example 27 was directly used for the subsequent reaction.

TH-NMR (400MHz, CDCl5) &: 1.18-1.75(m, 5H), 2.30(d, J=13.1Hz, 1H), 2.98(s, 3H), 2.99(s, 3H), 3.24(t, J=12.0Hz, 1H),
3.63(d, J=13.1Hz, 1H), 4.13(d, J=17.2Hz, 1H), 4.27(d, J=17.2Hz, 1H), 5.24(d, J=4.1Hz, 1H).

ESI-MS:m/z = 279(M+H)*.

(Reference Example 28) Synthesis of N-(4-bromo-3-chlorophenyl)-1-(2-(N-methylmethylsulfonamide)ac etyl)piperidine-
2-carboxamide:

[0282]
é-o
AT (Y
B o) y o
rn O y
CI NJ‘\LN)
H

[0283] According to the same procedure as in Reference Example 2, except that the compound of Reference Example
27 was used in place of 1-(tert-butoxycarbonyl)piperidine-2-carboxylic acid and 4-bromo-3-chloroaniline was used in
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place of the compound of Reference Example 1, N-(4-bromo-3-chlorophenyl)-1-(2-(N-methylmethylsulfonamide)ac
etyl)piperidine-2-carboxamide (hereinafter referred to as the compound of Reference Example 28) (0.296 g, 0.634 mmol,
58.8%) was obtained as a white solid.

TH-NMR (400MHz, CDCl5) §: 1.49-1.85(m, 5H), 2.34(d, J=12.8Hz, 1H), 3.03(s, 3H), 3.03(s, 3H), 3.20(t, J=12.8Hz, 1H),
3.71(d, J=12.8Hz, 1H), 4.12(d, J=16.7Hz, 1H), 4.23(d, J=16.7Hz, 1H), 5.22(d, J=4.9Hz, 1H), 7.20-7.24(m, 1H), 7.50(dd,
J=8.5, 2.0Hz, 1H), 7.84(t, J=2.3Hz, 1H), 8.20(br, 1H).

ESI-MS:m/z = 467(M+H)*.

(Example 49) Synthesis of N-(2-chloro-2’-isopropoxy-[1,1’-biphenyl]-4-yl)-1-(2-(N-methylmet hylsulfonamide)acetyl)pip-
eridine-2-carboxamide:

[0284]

[0285] According to the same procedure as in Reference Example 1, except that 2-isopropoxyphenylboronic acid was
used in place of 2-trifluoromethoxyphenylboronic acid and the compound of Reference Example 28 was used in place
of 4-bromo-3-chloroaniline, N-(2-chloro-2-isopropoxy-[1,1-biphenyl]-4-yl)-1-(2-(N-methylmet hylsulfonamide)acetyl)pip-
eridine-2-carboxamide (hereinafter referred to as the compound of Example 49) (0.0253 g, 0.0485 mmol, 75.3%) was
obtained as a white solid.

TH-NMR (400MHz, CDCl3) &: 1.20(d, J=6.0Hz, 6H), 1.50-1.88(m, 5H), 2.31-2.39(m, 1H), 3.05(s, 3H), 3.05(s, 3H),
3.21-3.28(m, 1H), 3.69-3.74(m, 1H), 4.19(d, J=16.8Hz, 1H), 4.25(d, J=16.8Hz, 1H), 4.41(t, J=6.0Hz, 1H), 5.23-5.26(m,
1H), 6.95-7.00(m, 2H), 7.17(dd, J=7.4,2.0Hz, 1H), 7.22-7.37(m, 3H), 7.76(d, J=2.0Hz, 1H), 8.11(s, 1H).

ESI-MS:m/z = 523(M+H)*.

(Example 50) Synthesis of N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(2-(1-me thyl-1H-imidazol-2-
yl)acetyl)piperidine-2-carboxamide:

[0286]

™~
Ne Ne

i OCF,
[lii Ny
o N’u\T:Et]
H

[0287] According to the same procedure as in Example 4, except that 2-(1-methyl-1H-imidazol-2-yl)acetic acid was
used in place of 2-methoxyacetic acid, N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(2-(1-me thyl-1H-imida-
zol-2-yl)acetyl)piperidine-2-carboxamide (hereinafter referred to as the compound of Example 50) (0.0341 g, 0.0654
mmol, 87.0%) was obtained as a white solid.

TH-NMR (400MHz, CDCl) &: 1.49-1.80(m, 5H), 2.67-2.74(m, 1H), 3.20-3.27(m, 1H), 3.54-3.62(m, 1H), 3.63(s, 3H),
3.73(d, J=15.9Hz, 1H), 4.05(d, J=15.9Hz, 1H), 5.59-5.63(m, 1H), 6.89-6.98(m, 2H), 7.20-7.29(m, 1H), 7.32-7.37(m, 3H),
7.39-7.45(m, 1H), 7.71-7.99(m, 2H), 10.64(br, 1H).

ESI-MS:m/z = 521(M+H)*.

(Reference Example 29) Synthesis of N-(4-bromo-3-fluorophenyl)-1-(2-(N-methylmethylsulfonamide)ace tyl)piperidine-
2-carboxamide:

[0288]
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[0289] According to the same procedure as in Reference Example 2, except that the compound of Reference Example
27 was used in place of 1-(tert-butoxycarbonyl)piperidine-2-carboxylic acid and 4-bromo-3-fluoroaniline was used in
place of the compound of Reference Example 1, N-(4-bromo-3-fluorophenyl)-1-(2-(N-methylmethylsulfonamide)ace
tyl)piperidine-2-carboxamide (hereinafter referred to as the compound of Reference Example 29) (0.0253 g, 0.0562
mmol, 52.1%) was obtained as a white solid.

TH-NMR (400MHz, CDCl;) &: 1.48-1.83(m, 5H), 2.31-2.39(m, 1H), 3.03(s, 3H), 3.03(s, 3H), 3.16-3.23(m, 1H),
3.68-3.75(m, 1H), 4.10(d, J=16.6Hz, 1H), 4.24(d, J=16.6Hz, 1H), 5.21-5.24(m, 1H), 7.06(dd, J=9.0, 2.0Hz, 1H), 7.43(t,
J=8.2Hz, 1H), 7.63(dd, J=10.5, 2.4Hz, 1H), 8.24(br, 1H).

ESI-MS:m/z = 451(M+H)*.

(Example 51) Synthesis of N-(2-fluoro-2’-(trifluoromethoxy)-[1,1-biphenyl]-4-yl)-1-(2-(N-met hylmethylsulfona-
mide)acetyl)piperidine-2-carboxamide:

[0290]

[0291] According to the same procedure as in Reference Example 1, except that the compound of Reference Example
29 was used as 4-bromo-3-chloroaniline, N-(2-fluoro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(2-(N-met hylmethyl-
sulfonamide)acetyl)piperidine-2-carboxamide (hereinafter referred to as the compound of Example 51) (0.0132 g, 0.0248
mmol, 44.7%) was obtained as a white solid.

TH-NMR (400MHz, CDCl3) &: 1.45-1.90(m, 5H), 2.33-2.41(m, 1H), 3.05(s, 6H), 3.20-3.29(m, 1H), 3.69-3.76(m, 1H),
4.17(d, J=16.8Hz, 1H), 4.25(d, J=16.8Hz, 1H), 5.23-5.27(m, 1H), 7.20-7.44(m, 6H), 7.62(dd, J=11.7, 2.0Hz, 1H), 8.24(br,
1H).

(Example 52) Synthesis of 1-(2-(1H-imidazol-1-yl)acetyl)-N-(2-chloro-2’-(trifluoromethoxy)-[ 1,1’-biphenyl]-4-yl)piperid-
ine-2-carboxamide:

[0292]

O OCF, N
c>0<rJ

[0293] According to the same procedure as in Example 4, except that 1-imidazoleacetic acid was used in place of 2-
methoxyacetic acid, 1-(2-(1H-imidazol-1-yl)acetyl)-N-(2-chloro-2’-(trifluoromethoxy)-[ 1,1’-biphenyl]-4-yl)piperidine-2-
carboxamide (hereinafter referred to as the compound of Example 52) (0.0189 g, 0.0373 mmol, 49.6%) was obtained
as a white solid.

TH-NMR (400MHz, CDCl3) §: 1.44-2.05(m, 5H), 2.23-2.31(m, 1H), 3.37-3.47(m, 1H), 3.67-3.74(m, 1H), 4.86(d, J=16.6Hz,
1H), 4.91(d, J=16.6Hz, 1H), 5.16-5.22(m, 1H), 6.97(s, 1H), 7.13(s, 1H), 7.20(d, J=8.3Hz, 1H), 7.29-7.37(m, 4H),
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7.40-7.45(m, 1H), 7.53(s, 1H), 7.70-7.87(m, 1H), 8.41(br, 1H).
ESI-MS:m/z = 507(M+H)*.

(Example 53) Synthesis of 1-(2-(1H-tetrazol-1-yl)acetyl)-N-(2-chloro-2'-(trifluoromethoxy)-[1 ,1’-biphenyl]-4-yl)piperid-
ine-2-carboxamide:

[0294]

N-N
]

OCF, N1N9

[0295] According to the same procedure as in Example 4, except that 1H-tetrazole-1-acetic acid was used in place of
2-methoxyacetic acid, 1-(2-(1H-tetrazol-1-yl)acetyl)-N-(2-chloro-2’-(trifluoromethoxy)- [1 ,1’-biphenyl]-4-yl)piperidine-2-
carboxamide (hereinafter referred to as the compound of Example 53) (0.0244 g, 0.0479 mmol, 38.2%) was obtained
as a white solid.

TH-NMR (400MHz, CDCls) &: 1.59-2.02(m, 5H), 2.29-2.32(m, 1H), 3.49-3.57(m, 1H), 3.73-3.77(m, 1H), 5.18-5.19(m,
1H), 5.40(d, J=16.8Hz, 1H), 5.48(d, J=16.8Hz, 1H), 7.21-7.46(m, 6H), 7.81(br, 1H), 8.02(s, 1H), 8.86(s, 1H).
ESI-MS:m/z = 509(M+H)*.

(Example 54) Synthesis of 1-(2-(furan-2-yl)acetyl)-N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-bip henyl]-4-yl)piperidine-2-
carboxamide:

[0296]

[0297] According to the same procedure as in Example 4, except that 2-furaneacetic acid was used in place of 2-
methoxyacetic acid, 1-(2-(furan-2-yl)acetyl)-N-(2-chloro-2'-(trifluoromethoxy)-[1,1’-bip henyl]-4-yl)piperidine-2-carboxa-
mide (hereinafter referred to as the compound of Example 54) (0.0605 g, 0.119 mmol, 95.2%) was obtained as a white
amorphus.

TH-NMR (400MHz, CDCls) &: 1.41-1.95(m, 5H), 2.33-2.38(m, 1H), 3.08-3.16(m, 1H), 3.85-3.97(m, 3H), 5.34-5.36(m,
1H), 6.22-6.23(m, 1H), 6.35-6.37(m, 1H), 7.19-7.44(m, 8H), 8.33(br, 1H).

ESI-MS:m/z = 505(M-H)".

(Example 55) Synthesis of 1-(2-(3,5-dimethyl-1H-pyrazol-1-yl)acetyl)-N-(2-chloro-2’-(trifluoro methoxy)-[1,1’-biphenyl]-
4-yl)piperidine-2-carboxamide:

[0298]
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[0299] According to the same procedure as in Example 4, except that 3,5-dimethyl-1H-pyrazole-1-acetic acid was
used in place of 2-methoxyacetic acid, 1-(2-(3,5-dimethyl-1H-pyrazol-1-yl)acetyl)-N-(2-chloro-2’-(trifluoro methoxy)-[1,1’-
biphenyl]-4-yl)piperidine-2-carboxamide (hereinafter referred to as the compound of Example 55) (0.0579 g, 0.108 mmol,
86.3%) was obtained as a white amorphus.

TH-NMR (400MHz, CDCl;) & 1.46-1.66(m, 2H), 1.74-1.79(m, 3H), 2.08(s, 3H), 2.27(s, 3H), 2.47-2.50(m, 1H),
3.11-3.19(m, 1H), 3.69-3.74(m, 1H), 4.83(d, J=15.2Hz, 1H), 4.96(d, J=15.2Hz, 1H), 5.35-5.36(m, 1H), 5.89(s, 1H),
7.21-7.45(m, 7H), 8.86(br, 1H). ESI-MS:m/z = 535(M+H)*.

(Example 56) Synthesis of 1-(2-(3-methylisoxazol-5-yl)acetyl)-N-(2-chloro-2’-(trifluoromethox y)-[1,1’-biphenyl]-4-yl)pip-
eridine-2-carboxamide:

[0300]

[0301] According to the same procedure as in Example 4, except that 3-methyl-5-isoxazoleacetic acid was used in
place of 2-methoxyacetic acid, 1-(2-(3-methylisoxazol-5-yl)acetyl)-N-(2-chloro-2’~(trifluoromethox y)-[1,1’-biphenyl]-4-
yl)piperidine-2-carboxamide (hereinafter referred to as the compound of Example 56) (0.0652 g, 0.125 mmol, 99.6%)
was obtained as a white amorphus.

TH-NMR (400MHz, CDClj) &: 1.47-1.96(m, 5H), 2.29(s, 3H), 2.33-2.39(m, 1H), 3.21-3.28(m, 1H), 3.82-3.87(m, 1H),
3.95(d, J=16.1Hz, 1H), 4.01(d, J=16.1Hz, 1H), 5.32-5.33(m, 1H), 6.08(s, 1H), 7.21-7.45(m, 7H), 8.27(br, 1H).
ESI-MS:m/z = 520(M-H)".

(Example 57) Synthesis of (R)-1-(2-(1H-tetrazol-1-yl)acetyl)-N-(2-chloro-2’-(trifluoromethoxy )-[-biphenyl]-4-yl)piperid-
ine-2-carboxamide:

[0302]

OCF, N, 9

LY,
AN

e

[0303] To a DMF (30 mL) solution of 1H-tetrazole-1-acetic acid (1.67 g, 13.04 mmol), a DMF (10 mL) solution of the
compound of Reference Example 8 (4.00 g, 10.03 mmol), HATU (4.96 g, 13.04 mmol), and diisopropylethylamine (2.63
mL, 15.04 mmol) were added at room temperature, followed by stirring at the same temperature for 17 hours. To the
reaction solution, distilled water was added, and the solution was extracted with toluene. The organic layer was con-
centrated under reduced pressure and the residue was purified by column chromatography (amine silica gel, n-hex-
ane/ethyl acetate = 40/60 to 0/100) to obtain (R)-1-(2-(1H-tetrazol-1-yl)acetyl)-N-(2-chloro-2’-(trifluoromethoxy )-[1,1'-
biphenyl]-4-yl)piperidine-2-carboxamide (hereinafter referred to as the compound of Example 57) (3.87 g, 7.60 mmol,
75.9%) as a white amorphus. As a result of analysis using a chiral column, the retention time of the thus obtained
compound of Example 57 was 55.3 minutes, and the optical purity at that time was 99.4%ee. The analysis conditions
using the chiral column are as follows.

Measurement equipment; High-performance liquid chromatograph LC-2010CHT, manufactured by Shimadzu Corpora-
tion

Column; CHIRALCEL OD-RH 0.46 cmcp X 15 cm, particle size of 5 wm, manufactured by Daicel Chemical Industries Ltd.

Column temperature; 40°C
Mobile phase; (Solution A) Distilled water, (Solution B) acetonitrile Composition of mobile phase; Solution A:Solution B

®

Cl
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=60:40 (0 to 75 minutes)

Flow rate; 0.5 mL/minute

Detection; UV (210 nm)

TH-NMR (400MHz, CDCl3) &: 1.62-2.00(m, 5H), 2.27-2.31(m, 1H), 3.52-3.58(m, 1H), 3.73-3.76(m, 1H), 5.18-5.19(m,
1H), 5.40(d, J=16.5Hz, 1H), 5.48(d, J=16.5Hz, 1H), 7.21-7.45(m, 6H), 7.81(br, 1H), 8.15(s, 1H), 8.86(s, 1H).

[0304] ESI-MS:m/z = 509(M+H)*.

(Example 58) Synthesis of (R)-1-(3-(1H-tetrazol-1-yl)propanoyl)-N-(2-chloro-2’-(trifluorometh oxy)-['-biphenyl]-4-yl)pip-
eridine-2-carboxamide:

[0305]

-
-\

N
i OCF, NN
cl ND (NJ
H

[0306] According to the same procedure as in Example 4, except that 3-(tetrazol-1-yl)propionic acid was used in place
of 2-methoxyacetic acid and the compound of Reference Example 8 was used in place of the compound of Reference
Example 3, (R)-1-(3-(1H-tetrazol-1-yl)propanoyl)-N-(2-chloro-2’-(trifluorometh oxy)-[1,1’-biphenyl]-4-yl)piperidine-2-car-
boxamide (hereinafter referred to as the compound of Example 58) (0.117 g, 0.224 mmol, 89.1%) was obtained as a
white amorphus.

TH-NMR (400MHz, CDClj) §: 1.43-1.97(m, 5H), 2.25-2.29(m, 1H), 3.04-3.19(m, 2H), 3.25(td, J=13.0, 2.7Hz, 1H),
3.70-3.74(m, 1H), 4.79-4.92(m, 2H), 5.18-5.19(m, 1H), 7.22-7.44(m, 6H), 7.79(br, 1H), 8.13(br, 1H), 8.84(s, 1H).
ESI-MS:m/z = 521(M-H)".

(Example 59) Synthesis of (R)-1-(3-(1H-imidazol-1-yl)propanoyl)-N-(2-chloro-2’-(trifluoromet hoxy)-[1,1’-biphenyl]-4-
yl)piperidine-2-carboxamide:

[0307]

N

2

OCF,4 NZ

S
o HJL..[N)

[0308] According to the same procedure as in Example 4, except that 3-(imidazol-1-yl)propionic acid was used in
place of 2-methoxyacetic acid and the compound of Reference Example 8 was used in place of the compound of
Reference Example 3, (R)-1-(3-(1H-imidazol-1-yl)propanoyl)-N-(2-chloro-2’-(trifluoromet hoxy)-[1,1’-biphenyl]-4-yl)pip-
eridine-2-carboxamide (hereinafter referred to as the compound of Example 59) (0.0796 g, 0.153 mmol, 60.9%) was
obtained as a white amorphus.

TH-NMR (400MHz, CDClj) &: 1.37-1.99(m, 5H), 2.26-2.29(m, 1H), 2.87-2.91(m, 2H), 3.17(td, J=13.3, 2.7Hz, 1H),
3.67-3.71(m, 1H), 4.34-4.47(m, 2H), 5.24-5.25(m, 1H), 6.99(s, 1H), 7.06(s, 1H), 7.21-7.45(m, 6H), 7.58(br, 1H),
7.71-7.82(m, 1H), 8.33(br, 1H). ESI-MS:m/z = 521(M+H)*.

(Example 60) Synthesis of (R)-1-(3-(3-methyl-1H-pyrazol-1-yl)propanoyl)-N-(2-chloro-2’-(trifl uoromethoxy)-[1,1’-biphe-
nyl]-4-yl)piperidine-2-carboxamide:

[0309]
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1
OCF, N
oW O#j
O
H
[0310] According to the same procedure as in Example 4, except that 3-(3-methyl-pyrazol-1-yl)propionic acid was
used in place of 2-methoxyacetic acid and the compound of Reference Example 8 was used in place of the compound
of Reference Example 3, (R)-1-(3-(3-methyl-1H-pyrazol-1-yl)propanoyl)-N-(2-chloro-2’-(trifl uoromethoxy)-[1,1’-biphe-
nyl]-4-yl)piperidine-2-carboxamide (hereinafter referred to as the compound of Example 60) (0.135 g, 0.252 mmol,
quantitative) was obtaind as a white amorphus.
TH-NMR (400MHz, CDClj) &: 1.37-1.89(m, 5H), 2.12(s, 3H), 2.35-2.38(m, 1H), 2.85-3.12(m, 3H), 3.67-3.70(m, 1H),

4.38-4.44(m, 1H), 4.51-4.58(m, 1H), 5.30-5.32(m, 1H), 5.96-5.97(m, 1H), 7.19-7.45(m, 8H), 8.59(br, 1H).
ESI-MS:m/z = 535(M+H)*.

®

Cl

(Example 61) Synthesis of
(R)-1-(2-(1H-pyrazol-1-yl)acetyl)-N-(2-chloro-2’-(trifluoromethoxy) -[1,1’-biphenyl]-4-yl)piperidine-2-carboxamide:

[0311]

OCF,4
O OO\‘r)
O NN
e

[0312] According to the same procedure as in Example 4, except that 2-(1H-pyrazol-1-yl)acetic acid was used in place
of 2-methoxyacetic acid and the compound of Reference Example 8 was used in place of the compound of Reference
Example 3, (R)-1-(2-(1H-pyrazol-1-yl)acetyl)-N-(2-chloro-2’-(trifluoromethoxy) -[1,1’-biphenyl]-4-yl)piperidine-2-carbox-
amide (hereinafter referred to as the compound of Example 61) (0.0623 g, 0.123 mmol, 98.0%) was obtained as a white
solid.

TH-NMR (400MHz, CDCl3) 8: 1.46-1.74(m, 5H), 2.52-2.55(m, 1H), 3.04-3.12(m, 1H), 3.65-3.69(m, 1H), 5.01(d, J=14.5Hz,
1H), 5.22(d, J=14.5Hz, 1H), 5.43-5.44(m, 1H), 6.39(dd, J=2.3,2.0Hz, 1H), 7.24(d, J=8.2Hz, 1H), 7.32-7.37(m, 3H),
7.41-7.45(m, 1H), 7.52-7.61(m, 1H), 7.53(d, J=2.3Hz, 1H), 7.58(d, J=2.0Hz, 1H), 7.80-7.87(brm, 1H), 9.02(s, 1H).
ESI-MS:m/z = 507(M+H)*.

Cl

(Example 62) Synthesis of (R)-1-(2-(4H-1,2,4-triazol-4-yl)acetyl)-N-(2-chloro-2’-(trifluoromet hoxy)-[1,1’-biphenyl]-4-
yl)piperidine-2-carboxamide:

[0313]

I\II—N
\
OCF; kN)
CLAY.
N
H
[0314] According to the same procedure as in Example 4, except that 2-(4H-1,2,4-triazol-4-yl)acetic acid was used in

place of 2-methoxyacetic acid and the compound of Reference Example 8 was used in place of the compound of
Reference Example 3, (R)-1-(2-(4H-1,2,4-triazol-4-yl)acetyl)-N-(2-chloro-2’-(trifluoromet hoxy)-[1,1’-biphenyl]-4-yl) pipe-

®

Cl
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ridine-2-carboxamide (hereinafter referred to as the compound of Example 62) (0.0575 g, 0.113 mmol, 90.3%) was
obtained as a white solid.

TH-NMR (400MHz, CDCl5) &: 1.55-1.90(m, 5H), 2.29-2.32(m, 1H), 3.57-3.71(m, 2H), 4.93(d, J=16.8Hz, 1H), 5.02(d,
J=16.8Hz, 1H), 5.22-5.23(m, 1H), 7.19(d, J=8.2Hz, 1H), 7.28-7.37(m, 4H), 7.40-7.45(m, 1H), 7.81(s, 1H), 8.21(s, 2H),
8.84(s, 1H).

ESI-MS:m/z = 508(M+H)*.

(Example 63) Synthesis of (R)-1-(2-(1H-1,2,4-triazol-1-yl)acetyl)-N-(2-chloro-2’-(trifluoromet hoxy)-[1,1’-biphenyl]-4-
yl)piperidine-2-carboxamide:

[0315]

OCF; N~N
Loy

[0316] According to the same procedure as in Example 4, except that sodium 2-(1H-1,2,4-triazol-1-yl)acetate was
used in place of 2-methoxyacetic acid and the compound of Reference Example 8 was used in place of the compound
of Reference Example 3, (R)-1-(2-(1H-1,2,4-triazol-1-yl)acetyl)-N-(2-chloro-2’-(trifluoromet hoxy)-[1,1’-biphenyl]-4-
yl)piperidine-2-carboxamide (hereinafter referred to as the compound of Example 63) (0.0587 g, 0.116 mmol, 92.2%)
was obtained as a white solid.

TH-NMR (400MHz, CDCI3) &: 1.54-1.70(m, 2H), 1.77-1.90(m, 3H), 2.38-2.41(m, 1H), 3.31-3.39(m, 1H), 3.74-3.78(m,
1H), 5.13(d, J=15.4Hz, 1H), 5.22(d, J=15.4Hz, 1H), 5.29(d, J=5.0Hz, 1H), 7.23(d, J=8.2Hz, 1H), 7.30-7.37(m, 4H),
7.41-7.45(m, 1H), 7.79(brs, 1H), 8.02(s, 1H), 8.26(s, 1H), 8.39(s, 1H).

ESI-MS:m/z = 508(M+H)*.

Cl

(Example 64) Synthesis of (R)-1-(2-(1H-1,2,3-triazol-1-yl)acetyl)-N-(2-chloro-2’-(trifluoromet hoxy)-[1,1’-biphenyl]-4-
yl)piperidine-2-carboxamide:

[0317]

OCF,4 N~N
Doy
e

[0318] According to the same procedure as in Example 4, except that 2-(1H-1,2,3-triazol-1-yl)acetic acid was used in
place of 2-methoxyacetic acid and the compound of Reference Example 8 was used in place of the compound of
Reference Example 3, (R)-1-(2-(1H-1,2,3-triazol-1-yl)acetyl)-N-(2-chloro-2’-(trifluoromet hoxy)-[1,1’-biphenyl]-4-yl) pipe-
ridine-2-carboxamide (hereinafter referred to as the compound of Example 64) (0.0619 g, 0.122 mmol, 97.2%) was
obtained as a white solid.

TH-NMR (400MHz, CDCls) &: 1.51-1.70(m, 2H), 1.76-1.88(m, 3H), 2.39-2.42(m, 1H), 3.32-3.39(m, 1H), 3.74-3.78(m,
1H), 5.30-5.31(m, 1H), 5.34(d, J=15.4Hz, 1H), 5.41(d, J=15.4Hz, 1H), 7.23(d, J=8.6Hz, 1H), 7.30-7.37(m, 3H),
7.41-7.45(m, 1H), 7.52(brs, 1H), 7.76(d, J=0.9Hz, 1H), 7.82(d, J=0.9Hz, 1H), 7.91(brs, 1H), 8.43(s, 1H).

ESI-MS:m/z = 508(M+H)*.

Ci

(Example 65) Synthesis of (R)-1-(2-(1H-imidazol-1-yl)acetyl)-N-(2-chloro-2’-(trifluoromethox y)-[1,1’-biphenyl]-4-yl)pip-
eridine-2-carboxamide:

[0319]
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N
ocr, LD

QLY.
U

[0320] According to the same procedure as in Example 4, except that 1-imidazoleacetic acid was used in place of 2-
methoxyacetic acid and the compound of Reference Example 8 was used in place of the compound of Reference
Example 3, (R)-1-(2-(1H-imidazol-1-yl)acetyl)-N-(2-chloro-2’-(trifluoromethox y)-[1,1’-biphenyl]-4-yl)piperidine-2-car-
boxamide (hereinafter referred to as the compound of Example 65) (0.635 g, 1.25 mmol, 63.5%) was obtained as a
white amorphus.

TH-NMR (400MHz, CDCl3) &: 1.44-2.05(m, 5H), 2.23-2.31(m, 1H), 3.37-3.47(m, 1H), 3.67-3.74(m, 1H), 4.86(d, J=16.6Hz,
1H), 4.91(d, J=16.6Hz, 1H), 5.16-5.22(m, 1H), 6.97(s, 1H), 7.13(s, 1H), 7.20(d, J=8.3Hz, 1H), 7.29-7.37(m, 4H),
7.40-7.45(m, 1H), 7.53(s, 1H), 7.70-7.87(m, 1H), 8.41(brs, 1H).

ESI-MS:m/z = 507(M+H)*.

®

Cl

(Example 66) Synthesis of (R)-1-(2-(2H-1,2,3-triazol-2-yl)acetyl)-N-(2-chloro-2’-(trifluoromet hoxy)-[1,1’-biphenyl]-4-
yl)piperidine-2-carboxamide:

[0321]

N.. .N
O OCF; N
QLY
N ™ N
H

[0322] According to the same procedure as in Example 4, except that 2-(2H-1,2,3-triazol-2-yl)acetic acid was used in
place of 2-methoxyacetic acid and the compound of Reference Example 8 was used in place of the compound of
Reference Example 3, (R)-1-(2-(2H-1,2,3-triazol-2-yl)acetyl)-N-(2-chloro-2’-(trifluoromet hoxy)-[1,1’-biphenyl]-4-yl) pipe-
ridine-2-carboxamide (hereinafter referred to as the compound of Example 66) (0.0321 g, 0.0632 mmol, 50.4%) was
obtained as a white amorphus.

TH-NMR (400MHz, CDCls) &: 1.47-1.65(m, 2H), 1.68-1.77(m, 3H), 2.49-2.52(m, 1H), 2.98-3.06(m, 1H), 3.55-3.58(m,
1H), 5.33(d, J=15.0Hz, 1H), 5.42(d, J=5.0Hz, 1H), 5.57(d, J=15.0Hz, 1H), 7.24(d, J=8.2Hz, 1H), 7.32-7.37(m, 3H),

7.41-7.46(m, 1H), 7.42-7.88(brm, 2H), 7.73(s, 2H), 8.63(s, 1H).
ESI-MS:m/z = 530(M+Na)*.

Cl

(Reference Example 30) Synthesis of ethyl 2-(5-methyl-1,3,4-oxadiazol-2-yl)acetate:

[0323]

O -

O N~N

[0324] To adichloroethane (6.4 mL) solution of ethyl 2-(1H-tetrazol-5-yl)acetate (0.500 g, 3.20 mmol), acetic anhydride
(0.393 mL, 4.16 mmol) was added at room temperature and the temperature was raised to 100°C, followed by stirring
for 11 hours. To the reaction solution, an aqueous 1M sodium hydroxide solution was added, and the solution was
extracted with ethyl acetate. The organic layer was washed with an aqueous 1M sodium hydroxide solution and saturated
brine, dried over anhydrous sodium sulfate and filtered, and then the filtrate was concentrated under reduced pressure.
The residue was purified by column chromatography (silica gel, n-hexane/ethyl acetate = 70/30 to 40/60) to obtain ethyl
2-(5-methyl-1,3,4-oxadiazol-2-yl)acetate (hereinafter referred to as the compound of Reference Example 30) (0.0908
g, 0.534 mmol, 16.7%) as a colorless oily product.

TH-NMR (400MHz, CDClg) 8: 1.29(t, J=7.2Hz, 3H), 2.55(s, 3H), 3.92(s, 2H), 4.23(q, J=7.2Hz, 2H).
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ESI-MS:m/z = 171(M+H)*.
(Reference Example 31) Synthesis of sodium 2-(5-methyl-1,3,4-oxadiazol-2-yl)acetate:

[0325]

NaO\n/Y

N-N

[0326] To a tetrahydrofuran (1.0 mL) solution of the compound of Reference Example 30 (0.0900 g, 0.529 mmol), an
aqueous 1M sodium hydroxide solution (1.06 mL, 1.06 mmol) and ethanol (1.0 mL) were added at room temperature,
followed by stirring at the same temperature for 2 hours. The reaction solution was concentrated under reduced pressure
to obtain crude sodium 2-(5-methyl-1,3,4-oxadiazol-2-yl)acetate (hereinafter referred to as the compound of Reference
Example 31) (0.0835 g) as a white solid. The compound of Reference Example 31 was directly used for the subsequent
reaction.

TH-NMR (400MHz, DMSO-Dg) §: 2.41(s, 3H), 3.38(s, 2H).

ESI-MS:m/z = 143(M+H)*.

(Example 67) Synthesis of (R)-N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(2-(5 -methyl-1,3,4-oxadiazol-2-
yl)acetyl)piperidine-2-carboxamide:

[0327]

OCF, x
O J

N

O

[0328] According to the same procedure as in Example 4, except that the compound of Reference Example 31 was
used in place of 2-methoxyacetic acid and the compound of Reference Example 8 was used in place of the compound
of Reference Example 3, (R)-N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(2-(5 -methyl-1,3,4-oxadiazol-2-
yl)acetyl)piperidine-2-carboxamide (hereinafter referred to as the compound of Example 67) (0.0524 g, 0.0910 mmol,
90.8%) was obtained as a white amorphus.

TH-NMR (400MHz, CDCl3) §: 1.50-1.66(m, 3H), 1.74-1.77(m, 2H), 2.57(s, 3H), 2.62-2.65(m, 1H), 3.27-3.34(m, 1H),
3.61-3.64(m, 1H), 3.94(d, J=17.4Hz, 1H), 4.21(d, J=17.4Hz, 1H), 5.54-5.55(m, 1H), 7.25-7.27(m, 1H), 7.33-7.36(m, 3H),
7.40-7.44(m, 1H), 7.77(brs, 1H), 8.18(brs, 1H), 9.38(s, 1H).

ESI-MS:m/z = 545(M+Na)*.

(Example 68) Synthesis of (R)-N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(3-(di methylamino)pro-
panoyl)piperidine-2-carboxamide:

[0329]

|
O OCF,4 JN\
LS
e

[0330] According to the same procedure as in Example 4, except that 3-(dimethylamino)propanoic acid hydrochloride
was used in place of 2-methoxyacetic acid and the compound of Reference Example 8 was used in place of the compound
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of Reference Example 3, (R)-N-(2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)-1-(3-(di methylamino)propanoyl)pip-
eridine-2-carboxamide (hereinafter referred to as the compound of Example 68) (0.0826 g, 0.166 mmol, 66.2%) was
obtained as a white amorphus.

TH-NMR (400MHz, CDClg) §: 1.46-1.83(m, 5H), 2.26(s, 0.6H), 2.28(s, 5.4H), 2.40-2.44(m, 1H), 2.55-2.62(m, 1H),
2.65-2.81(m, 3H), 2.99-3.05(m, 0.1H), 3.13-3.20(m, 0.9H), 3.88-3.91(m, 0.9H), 4.69(d, J=5.0Hz, 0.1H), 4.73-4.76(m,
0.1H), 5.43(d, J=5.0Hz, 0.9H), 7.21(d, J=8.6Hz, 1H), 7.31-7.86(m, 6H), 8.76(br, 0.9H), 9.33(br, 0.1H).

ESI-MS:m/z = 498(M+H)*.

(Example 69) Synthesis of methyl (R)-5-(2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)carb amoyl)piperidin-1-
yl)-5-oxopentanoate:

[0331]

ooF3

J%

[0332] According to the same procedure as in Example 3, except that methyl 4-(chloroformyl)butyrate was used in
place of propionyl chloride and the compound of Reference Example 8 was used in place of the compound of Reference
Example 3, methyl (R)-5-(2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)carb amoyl)piperidin-1-yl)-5-oxopen-
tanoate (hereinafter referred to as the compound of Example 69) (0.130 g, 0.247 mmol, 98.4%) was obtained as a white
amorphus.

TH-NMR (400MHz, CDCl3) §: 1.44-1.79(m, 4H), 1.84-1.95(m, 1H), 1.96-2.13(m, 2H), 2.35(d, J=13.7Hz, 1H), 2.40-2.62(m,
4H), 2.63-2.70(m, 0.1H), 3.14-3.21(m, 0.9H), 3.68(s, 2.7H), 3.69(s, 0.3H), 3.84-3.88(m, 0.9H), 4.66-4.69(m, 0.2H), 5.34(d,
J=5.0Hz, 0.9H), 7.20(d, J=8.2Hz, 1H), 7.29-7.94(m, 6H), 8.68(s, 0.9H), 8.90(s, 0.1H).

(Example 70) Synthesis of (R)-5-(2-((2-chloro-2’-(trifluoromethoxy)-[1,1’-biphenyl]-4-yl)carb amoyl)piperidin-1-yl)-5-ox-
opentanoic acid:

[0333]

OCF3

J

[0334] Toamethanol (2.5 mL) solution of the compound of Example 69 (0.130 g, 0.247 mmol), an aqueous 1M sodium
hydroxide solution (2.47 mL, 2.47 mmol) and tetrahydrofuran (2.5 mL) were added at 0°C and the temperature was
raised to room temperature, followed by stirring for 5 hours. To the reaction solution, 1M hydochloric acid was added,
and the solution was extracted with chloroform. The organic layer was washed with saturated brine, dried over anhydrous
sodium sulfate and filtered, and then the filtrate was concentrated under reduced pressure. The residue was purified by
column chromatography (silica gel, chloroform/methanol = 98/2 to 90/10) to obtain (R)-5-(2-((2-chloro-2’-(trifluorometh-
oxy)-[1,1’-biphenyl]-4-yl)carb amoyl)piperidin-1-yl)-5-oxopentanoic acid (hereinafter referred to as the compound of Ex-
ample 70) (0.0592 g, 0.115 mmol, 46.7%) as a white amorphus.

TH-NMR (400MHz, CDCl3) 8: 1.49-1.79(m, 4H), 1.84-1.94(m, 1H), 2.00-2.10(m, 2H), 2.32(d, J=13.6Hz, 1H), 2.44-2.63(m,
4H), 3.20(td, J=13.3, 2.6Hz, 1H), 3.81-3.87(m, 1H), 5.30(d, J=4.5Hz, 1H), 7.20(d, J=8.6Hz, 1H), 7.29-7.36(m, 3H),
7.40-7.45(m, 2H), 7.75-7.88(m, 1H), 8.62(s, 1H).

ESI-MS:m/z = 535(M+Na)*.
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(Example 71) Inhibitory Effect on RORy-Coactivator Binding:

[0335] The inhibitory effect of the cyclic amine derivative (I) or a pharmacologically acceptable salt thereof on the
binding between a ligand-binding domain of RORYy (hereinafter referred to as RORy-LBD) and a coactivator was evaluated
using Invitrogen’s LanthaScreen™ TR-FRET Retinoid-Related Orphan Receptor (ROR) gamma Coactivator Assay kit
utilizing time-resolved fluorescence energy transfer (TR-FRET).

[0336] The test compound was dissolved in DMSO and diluted with TR-FRET Coregulator Buffer D (Invitrogen) con-
taining 5 mmol/L of DTT so as to have a final DMSO concentration of 1% before use. To each well of a 384-well black
plate (Corning Inc.), 4 nmol/L of GST-fused RORy-LBD (Invitrogen) diluted with the buffer mentioned above and the test
compound were added. A well without addition of the test compound and without addition of GST-fused RORy-LBD
(background) and a well without addition of the test compound and with addition of GST-fused RORy-LBD (control) were
prepared. Next, 150 nmol/L of fluorescein-labeled TRAP220/DRIP-2 (Invitrogen) diluted with the buffer mentioned above
and 32 nmol/L of terbium-labeled anti-GST antibody (Invitrogen) were added to each well. After incubating the plate at
room temperature for 16 to 24 hours, the fluorescence at 495 nm and 520 nm when excited at 320 nm was measured
for each well and the ratio (fluorescence value at 520 nm/fluorescence value at 495 nm) was calculated.

[0337] The fold change with addition of the test compound (ratio with addition of the test compound/ratio of the back-
ground), the fold change of the control (ratio of the control/ratio of the background), and the fold change of the background
(ratio of the background/ratio of the background) were calculated, and then the inhibition rate of binding between RORy-
LBD and a coactivator (hereinafter referred to as RORy-coactivator binding inhibition rate) (%) was calculated from the
following formula 1:

[Formula 1]

RORy-coactivator binding inhibition rate (%) = (1 - ((Fold change
with addition of the test compound) - (Fold change of the
background))/((Fold change of the control) - (Fold change of the
background))) x 100

[0338] The RORy-coactivator binding inhibition rate (%) at 33 wmol/L of the test compound is shown in Tables 2-1
and 2-2.

[Table 2-1]

Test compound RORy-coactivator binding inhibition rate (%)
Compound of Example 1 90.9
Compound of Example 2 91.9
Compound of Example 3 88.2
Compound of Example 4 90.3
Compound of Example 5 96.9
Compound of Example 8 95.2
Compound of Example 10 100.1
Compound of Example 13 101.4
Compound of Example 14 94.0
Compound of Example 15 100.1
Compound of Example 16 99.3
Compound of Example 17 93.8
Compound of Example 18 95.9
Compound of Example 19 93.4
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(continued)

Test compound

RORy-coactivator binding inhibition rate (%)

Compound of Example 20 100.7
Compound of Example 21 98.2
Compound of Example 22 92.4
Compound of Example 23 98.4
Compound of Example 25 94.2
Compound of Example 28 100.9
Compound of Example 29 101.3
Compound of Example 32 94.7
Compound of Example 36 97.2
Compound of Example 37 103.5
Compound of Example 39 98.8
Compound of Example 40 98.7
Compound of Example 42 92.8
Compound of Example 43 99.0
Compound of Example 44 971
Compound of Example 45 92.0
Compound of Example 46 99.3
Compound of Example 47 98.8
Compound of Example 48 101.6
Compound of Example 49 99.3
Compound of Example 50 101.1
Compound of Example 51 100.4
Compound of Example 52 97.3
Compound of Example 53 104.7
Compound of Example 54 101.5
Compound of Example 55 103.5
Compound of Example 56 103.5
Compound of Example 57 103.0
Compound of Example 58 100.5

[Table 2-2]
Test compound RORy-coactivator binding inhibition rate (%)
Compound of Example 59 95.5
Compound of Example 60 93.6
Compound of Example 61 101.9
Compound of Example 64 97.3
Compound of Example 65 91.7
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(continued)
Test compound RORy-coactivator binding inhibition rate (%)
Compound of Example 66 103.2
Compound of Example 67 99.1
Compound of Example 69 95.9

[0339] These results revealed that the cyclic amine derivative (l) or a pharmacologically acceptable salt thereof mark-
edly inhibits the binding between RORy-LBD and a coactivator.

(Example 72) Suppressive Effect on IL-17 Production in Mouse Splenocytes:

[0340] Using mouse splenocytes, the suppressive effect of the cyclic amine derivative (I) or a pharmacologically
acceptable salt thereof on IL-17 production by IL-23 stimulation was evaluated by a partially modified method mentioned
in The Journal of Biological Chemistry, 2003, Vol. 278, No. 3, p.1910-1914.

[0341] A single cell suspension was prepared from the spleen of C57BL/6J mice (male, 7 to 23 weeks old) (Charles
River Laboratories Japan, Inc.) and splenocytes were prepared using Histopaque-1083 (Sigma-Aldrich Japan). The
culture medium was used by adding 10% FBS (Gibco), 50 U/ mL of penicillin-50 wg/ mL of streptomycin (Gibco), 50
pmol/L of 2-mercaptoethanol (Gibco), and 100 U/ mL of human IL- 2 (Cell Science & Technology Institute, Inc.) to
RPMI1640 medium (Gibco). The test compound was dissolved in DMSO and then diluted with the culture medium so
as to have a final concentration of DMSO of 0.1% before use. Splenocytes (3 X 105 cells/well) prepared in the culture
medium were seeded in wells of a 96-well flat-bottom plate (Corning Incorporated), the test compound and 10 ng/ mL
of human IL-23 (R & D systems, Inc.) were added thereto, and the cells were cultured at 37°C under 5% CO, for 3 days.
A well without addition of human IL-23 and without addition of the test compound and a well with addition of human IL-
23 and without addition of the test compound were prepared. After completion of the culture, the culture supernatant
was collected and the IL-17 production amountin the supernatant was determined by ELISA method (R & D systems, Inc.).
[0342] The IL-17 production inhibition rate (%) was calculated from the following Formula 2.

[Formula 2]

IL-17 production inhibition rate (%) = (1 - ((IL-17 production
amount with addition of IL-23 and with addition of the test
compound) - (IL-17 production amount without addition of IL-23 and
without addition of the test compound))/((IL-17 production amount
with addition of IL-23 and without addition of the test compound) -
(IL-17 production amount without addition of IL-23 and without
addition of the test compound))) x 100

[0343] The IL-17 production inhibition rate (%) at 5 wmol/L of the test compound is shown in Tables 3-1 and 3-2.

[Table 3-1]
Test compound IL-17 productioninhibition rate (%)
Compound of Example 1 94.0
Compound of Example 2 96.2
Compound of Example 3 98.6
Compound of Example 4 99.7
Compound of Example 5 99.5
Compound of Example 6 91.6
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(continued)

Test compound

IL-17 production inhibition rate (%)

Compound of Example 7 99.0
Compound of Example 8 99.2
Compound of Example 9 94.6
Compound of Example 10 98.6
Compound of Example 11 94 1
Compound of Example 12 96.1
Compound of Example 13 98.2
Compound of Example 14 90.5
Compound of Example 15 99.4
Compound of Example 16 98.0
Compound of Example 17 91.8
Compound of Example 18 90.8
Compound of Example 19 99.8
Compound of Example 20 99.7
Compound of Example 21 99.8
Compound of Example 22 98.1
Compound of Example 23 99.4
Compound of Example 24 95.7
Compound of Example 25 99.4
Compound of Example 26 96.4
Compound of Example 27 97.4
Compound of Example 28 98.6
Compound of Example 29 100.1
Compound of Example 30 99.8
Compound of Example 31 99.1
Compound of Example 32 98.8
Compound of Example 33 98.3
Compound of Example 34 100.3
Compound of Example 35 94.9
Compound of Example 36 96.9
Compound of Example 37 99.1
Compound of Example 38 99.0
Compound of Example 39 99.2
Compound of Example 40 98.2
Compound of Example 41 99.1
Compound of Example 42 99.8
Compound of Example 43 92.4
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[Table 3-2]

Test compound IL-17 productioninhibition rate (%)
Compound of Example 44 91.5
Compound of Example 45 99.9
Compound of Example 46 99.2
Compound of Example 47 96.3
Compound of Example 48 99.4
Compound of Example 49 98.3
Compound of Example 50 94.5
Compound of Example 51 98.6
Compound of Example 52 99.3
Compound of Example 53 101.6
Compound of Example 54 98.7
Compound of Example 55 99.7
Compound of Example 56 107.4
Compound of Example 57 101.2
Compound of Example 58 99.7
Compound of Example 59 99.8
Compound of Example 60 99.7
Compound of Example 61 98.8
Compound of Example 62 100.2
Compound of Example 63 99.9
Compound of Example 64 99.4
Compound of Example 65 99.6
Compound of Example 66 99.5
Compound of Example 67 98.7
Compound of Example 68 99.4
Compound of Example 69 99.5
Compound of Example 70 99.7

[0344] These results revealed that the cyclic amine derivative (I) or a pharmacologically acceptable salt thereof sup-
presses IL-17 production.

(Example 73) Symptom Suppressive Effect on Mouse Experimental Autoimmune Encephalomyelitis Model:

[0345] Using increase in the neurological symptom score as an index of exacerbation of symptoms, the effect of the
cyclic amine derivative (1) or a pharmacologically acceptable salt thereof in a mouse experimental autoimmune enceph-
alomyelitis model was evaluated. The mouse experimental autoimmune encephalomyelitis model was prepared by a
partially modified method by Hindinger et al. (Journal of Neuroscience Research, 2006, Vol. 84, p.1225-1234).

[0346] A total of 0.1 mL (0.05 mL on each side) of an MOG35-55 administration solution prepared by mixing a PBS
solution containing partial synthetic peptides of myelin oligodendrocyte glycoproteins (MOG35-55; CSBio, Inc.) prepared
to a concentration of 4 mg/mL with Freund’s complete adjuvant at equal amount was intradermally inoculated to both
flank sides of C57BL/6J mice (male, 8 weeks old) (Charles River Laboratories Japan, Inc.). Furthermore, 200 pL of
pertussis toxin (Sigma-Aldrich Japan) prepared to a concentration of 1 wg/ mL was intraperitoneally administered to the
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mice on the day of inoculation and 2 days after inoculation of the MOG35-55 administration solution.

[0347] Atfter inoculation of the MOG35-55 administration solution, the test compound was administered to the mice.
As the test compound, the compound of Example 20, the compound of Example 29, and the compound of Example 57
were used. The compound of Example 20 was suspended in a 0.5 w/v% methylcellulose solution and orally administered
once daily at a dose of 3 mg/kg every day from 2 days after inoculation of the MOG35-55 administration solution. The
compound of Example 29 and the compound of Example 57 were suspended in a 0.5 w/v% methylcellulose solution
and orally administered once daily at a dose of 1 mg/kg every day from 13 days after inoculation of the MOG35-55
administration solution. The group in which the compound of Example 20 was administered to mice was defined as the
Example-20 compound administration group, the group in which the compound of Example 29 was administered was
defined as the Example-29 compound administration group, and the group in which the compound of Example 57 was
administered was defined as the Example-57 compound administration group. In the vehicle administration group, a
vehicle of each test compound (0.5 w/v% methylcellulose solution) was similarly administered.

[0348] After inoculation of the MOG35-55 administration solution, the neurological symptom scores in the groups in
which test compound was administered and the corresponding vehicle administration groups were scored (0: normal,
1: limp tail or hind limb weakness, 2: limp tail and hind limb weakness, 3: partial hind limb paralysis, 4: complete hind
limb paralysis, 5: moribund state). As the scoring method, the method mentioned in Current Protocols in Immunology
(John Wiley & Sons. Inc, 2000, p.15.1.1-15.1.20) was used.

[0349] Theresults are shownin FIGS. 1, 2 and 3. The vertical axis represents the neurological symptom score (mean
+ standard error, n = 8 to 9). "Vehicle" on the horizontal axis represents the vehicle administration group, the "Example-
20 compound" represents the Example-20 compound administration group, the "Example-29 compound" represents the
Example-29 compound administration group, and the "Example-57 compound" represents the Example-57 compound
administration group. FIG. 1 shows the neurological symptom score on the 13th day after inoculation of the MOG35-55
administration solution, FIG. 2 shows the neurological symptom score on the 23rd day after inoculation of the MOG35-55
administration solution, and FIG. 3 shows the neurological symptom score on the 30th day after inoculation of the
MOG35-55 administration solution. The mark of asterisk (*) indicates statistical significance by comparison with the
vehicle administration group (Wilcoxon test) (*: P < 0.05).

[0350] Inoculation of the MOG35-55 administration solution increased the neurological symptom score in the vehicle
administration group to 1.0 to 2.4. This increase in the neurological symptom score was statistically significantly sup-
pressed by administration of the compound of Example 20, the compound of Example 29, or the compound of Example 57.
[0351] These results revealed that the cyclic amine derivative (I) or a pharmacologically acceptable salt thereof shows
marked symptom suppressive effect on multiple sclerosis.

(Example 74) Symptom Suppressive Effect on Imiquimod-induced Mouse Psoriasis Model:

[0352] Using increase in the ear thickness as an index of exacerbation of symptoms, the effect of the cyclic amine
derivative (I) or a pharmacologically acceptable salt thereof in an imiquimod-induced mouse psoriasis model was eval-
uated. The imiquimod-induced mouse psoriasis model was prepared by a partially modified method by Schaper et al.
(The Journal of Dermatological Science, 2013, Vol. 71, No. 1, p.29-36).

[0353] BALB/c mice (male, 7 weeks old) (Charles River Laboratories Japan, Inc.) were used at 8 weeks old after
preliminary breeding. To induce psoriasis-like symptoms, 5 mg each of BESELNA CREAM 5% was applied once daily
to the outside of the right and left auricles of the mice for 8 days from the day of first administration of imiquimod
(hereinafter referred to as induction day) to 7 days after induction (dose of imiquimod, 0.5 mg/body/day).

[0354] The test compound at a dose of 10 mg/kg was administered to the mice once daily for 5 days from 3 days after
induction to 7 days after induction. As the test compound, the compound of Example 20, the compound of Example 29,
and the compound of Example 57 were used. The compound of Example 20, the compound of Example 29, and the
compound of Example 57 were suspended in a 0.5 w/v% methylcellulose solution and orally administered. The group
in which the compound of Example 20 was administered to mice was defined as the Example-20 compound administration
group, the group in which the compound of Example 29 was administered was defined as the Example-29 compound
administration group, and the group in which the compound of Example 57 was administered was defined as the Example-
57 compound administration group. In the vehicle administration group, a vehicle of each test compound (0.5 w/v%
methylcellulose solution) was similarly administered.

[0355] The right and left ear thickness before administration of imiquimod (before induction) on the induction day and
the right and left ear thickness on the 8th day after induction were measured with a digital micrometer (Mitutoyo Corpo-
ration). The mean of the right and left ear thickness was regarded as ear thickness, and the change in the ear thickness
(ear thickness on the 8th day after induction - ear thickness before induction) was used as an index of the drug efficacy
evaluation.

[0356] The results are shown in FIGS. 4, 5, and 6. The vertical axis represents the change in the ear thickness (mm)
(mean = standard error, n = 6). "Vehicle" on the horizontal axis represents the vehicle administration group, the "Example-

64



10

15

20

25

30

35

40

45

50

55

EP 3 409 660 A1

20 compound" represents the Example-20 compound administration group, the "Example-29 compound" represents the
Example-29 compound administration group, and the "Example-57 compound" represents the Example-57 compound
administration group. The mark of asterisk (*) indicates statistical significance by comparison with the vehicle adminis-
tration group (Student’s t-test) (*: P < 0.05).

[0357] Induction by imiquimod increased the ear thickness on the 8th day after induction in the vehicle administration
group by 0.23 mm to 0.27 mm compared with the ear thickness before induction. This increase in the ear thickness was
statistically significantly suppressed by administration of the compound of Example 20, the compound of Example 29,
or the compound of Example 57.

[0358] These results revealed that the cyclic amine derivative (I) or a pharmacologically acceptable salt thereof shows
marked symptom suppressive effect on psoriasis.

(Example 75) Symptom Suppressive Effect on DNFB-induced Mouse Allergic Dermatitis Model:

[0359] Using increase in the ear swelling rate as an index of exacerbation of symptoms, the effect of the cyclic amine
derivative (l) or a pharmacologically acceptable salt thereof in a DNFB-induced mouse allergic dermatitis model was
evaluated. The DNFB-induced mouse allergic dermatitis model was prepared by a partially modified method by Curzytek
et al. (Pharmacological Reports, 2013, Vol. 65, p.1237-1246).

[0360] BALB/c mice (female, 6 weeks old) (Charles River Laboratories Japan, Inc.) were used at 7 weeks old after
preliminary breeding. To the back of the mice, 25 pL of a 0.5 v/iv% DNFB solution dissolved in acetone:olive oil (4:1)
was applied. The next day, the same operation was repeated to sensitize the mice. Four days after the sensitization,
10 pL each of a 0.2 v/iv% DNFB solution dissolved in acetone:olive oil (4:1) was applied to both sides of the right auricle
of the sensitized mice to induce inflammation.

[0361] One hour before induction, the compound of Example 20, the compound of Example 29, or the compound of
Example 57 was administered at a dose of 10 mg/kg to the mice. The compound of Example 20, the compound of
Example 29, and the compound of Example 57 were suspended in a 0.5 w/v% methylcellulose solution and orally
administered. The group in which the compound of Example 20 was administered to mice was defined as the Example-
20 compound administration group, the group in which the compound of Example 29 was administered was defined as
the Example-29 compound administration group, and the group in which the compound of Example 57 was administered
was defined as the Example-57 compound administration group. In the vehicle administration group, a vehicle of each
test compound (0.5 w/v% methylcellulose solution) was similarly administered.

[0362] The right ear thickness before application of the DNFB solution (before induction) on the induction day and the
right ear thickness at the 24th hour after induction were measured with a digital micrometer (Mitutoyo Corporation). The
swelling rate of the auricle was calculated by the following Formula 3 and used as an index of the drug efficacy evaluation.

[Formula 3]

Ear swelling rate (%) = ((Right ear thickness at the 24th hour
after induction) - (Right ear thickness before induction))/Right ear
thickness before induction x 100

[0363] The results are shown in FIGS. 7, 8, and 9. The vertical axis represents the ear swelling rate (%) (mean =
standard error, n = 6 to 8). "Vehicle" on the horizontal axis represents the vehicle administration group, the "Example-
20 compound" represents the Example-20 compound administration group, the "Example-29 compound" represents the
Example-29 compound administration group, and the "Example-57 compound" represents the Example-57 compound
administration group. The mark of asterisk (*) indicates statistical significance by comparison with the vehicle adminis-
tration group (Student’s t-test) (*: P < 0.05).

[0364] Application of the DNFB solution to the auricle increased the ear swelling rate in the vehicle administration
group by 30.9% to 41.7%. This increase in the ear swelling rate was statistically significantly suppressed by administration
of the compound of Example 20, the compound of Example 29, or the compound of Example 57.

[0365] This result revealed that the cyclic amine derivative (I) or a pharmacologically acceptable salt thereof shows
marked symptom suppressive effect on allergic dermatitis, particularly contact dermatitis.

(Example 76) Symptom Suppressive Effect on Oxazolone-induced Mouse Atopic Dermatitis Model:

[0366] Using increase in the ear thickness as an index of exacerbation of symptoms, the effect of the cyclic amine
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derivative (l) or a pharmacologically acceptable salt thereof in an oxazolone-induced mouse atopic dermatitis model
was evaluated. The oxazolone-induced mouse atopic dermatitis model was prepared by a partially modified method by
Nakajima et al. (Journal of Investigative Dermatology, 2014, Vol. 134, p.2122-2130).

[0367] BALB/c mice (female, 7 weeks old) (Charles River Laboratories Japan, Inc.) were used at 8 or 9 weeks old
after preliminary breeding. To the back of the mice, 25 pL of a 3 w/v% oxazolone solution dissolved in ethanol was
applied to sensitize the mice. Every other day from 5 days to 13 days after the sensitization, 10 pL each of a 0.6 w/v%
oxazolone solution dissolved in ethanol was applied to both sides of the right auricle of the sensitized mice to induce
inflammation.

[0368] The test compound at a dose of 10 mg/kg was administered to the mice once daily for 15 days from the
sensitization day to 14 days after sensitization. As the test compound, the compound of Example 20, the compound of
Example 29, and the compound of Example 57 were used. The compound of Example 20, the compound of Example
29, and the compound of Example 57 were suspended in a 0.5w/v% methylcellulose solution and orally administered.
The group in which the compound of Example 20 was administered to mice was defined as the Example-20 compound
administration group, the group in which the compound of Example 29 was administered was defined as the Example-
29 compound administration group, and the group in which the compound of Example 57 was administered was defined
as the Example-57 compound administration group. In the vehicle administration group, a vehicle of each test compound
(0.5 w/iv% methylcellulose solution) was similarly administered.

[0369] The right ear thickness before application of the oxazolone solution (before sensitization) on the sensitization
day and the right ear thickness on the next day of final induction were measured with a digital micrometer (Mitutoyo
Corporation). The change in the ear thickness (right ear thickness on the next day of final induction - right ear thickness
before sensitization) was used as an index of the drug efficacy evaluation.

[0370] The results are shown in FIGS. 10, 11, and 12. The vertical axis represents the change in the ear thickness
(mm) (mean = standard error, n = 7). "Vehicle" on the horizontal axis represents the vehicle administration group, the
"Example-20 compound" represents the Example-20 compound administration group, the "Example-29 compound"
represents the Example-29 compound administration group, and the "Example-57 compound" represents the Example-
57 compound administration group. The mark of asterisk (*) indicates statistical significance by comparison with the
vehicle administration group (Student’s t-test) (*: P < 0.05).

[0371] Application of the oxazolone solution to the auricle increased the ear thickness on the next day of final induction
in the vehicle administration group by 0.60 mm to 0.70 mm compared with the ear thickness before sensitization. This
increase in the ear thickness was statistically significantly suppressed by administration of the compound of Example
20, the compound of Example 29, or the compound of Example 57.

[0372] This result revealed that the cyclic amine derivative (I) or a pharmacologically acceptable salt thereof shows
marked symptom suppressive effect on allergic dermatitis, particularly atopic dermatitis.

INDUSTRIAL APPLICABILITY

[0373] Since the cyclic amine derivative of the present invention or a pharmacologically acceptable salt thereof has
excellent RORy antagonist activity, it can be used as a medicament for diseases in which improvement in the pathological
state or remission of symptoms can be expected by suppression of the function of RORy. Particularly, the cyclic amine
derivative of the present invention or a pharmacologically acceptable salt thereof can be used as a therapeutic agent
or preventive agent for autoimmune diseases, such as multiple sclerosis or psoriasis, or allergic diseases, including
allergic dermatitis or the like, such as contact dermatitis or atopic dermatitis.

Claims

1. A cyclic amine derivative represented by the following general formula (1):

R1

o,
R2 mﬂ\d}w (1)

wherein
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R represents an alkyloxy group having 1 to 3 carbon atoms, any 1 to 3 hydrogen atoms of which are optionally
substituted with a halogen atom(s);

R2 represents a halogen atom;

R3 represents a hydrogen atom, a halogen atom, or a hydroxy group;

R4 represents a hydrogen atom or a halogen atom;

X represents -C(=0)-(CH,),-R® or -S(=0),-R5;

n is an integer of 0 to 5;

R5 represents a hydrogen atom, -OR7, -SR7, -S(=0),-R7, -C(=0)-OR7, -N(R7)R8, an alkyl group having 1 to 3
carbon atoms, any 1 to 3 hydrogen atoms of which are optionally substituted with a halogen atom(s), or a
heteroaryl group, any hydrogen atom(s) of which is/are optionally substituted with an alkyl group(s) having 1 to
3 carbon atoms;

R represents an alkyl group having 1 to 5 carbon atoms;

R7 represents a hydrogen atom or an alkyl group having 1 to 3 carbon atoms, any 1 to 3 hydrogen atoms of
which are optionally substituted with a halogen atom(s); and

R8 represents a hydrogen atom, an alkyl group having 1 to 3 carbon atoms, an acyl group having 2 to 4 carbon
atoms, or an alkylsulfonyl group having 1 to 3 carbon atoms,

or a pharmacologically acceptable salt thereof.

2. The cyclic amine derivative according to claim 1, wherein:

R1is an alkyloxy group having 1 to 3 carbon atoms, any 1to 3 hydrogen atoms of which are optionally substituted
with a fluorine atom(s) or a chlorine atom(s);

R2 is a fluorine atom or a chlorine atom;

R3 is a hydrogen atom, a fluorine atom, a chlorine atom, or a hydroxy group;

R4 is a hydrogen atom, a fluorine atom, or a chlorine atom;

R5 is a hydrogen atom, -OR?, -SR?, -S(=0),-R7, -C(=0)-OR?, -N(R7)R8, an alkyl group having 1 to 3 carbon
atoms, any 1 to 3 hydrogen atoms of which are optionally substituted with a fluorine atom(s) or a chlorine
atom(s), or a heteroaryl group, any hydrogen atom(s) of which is/are optionally substituted with a methyl group(s);
R is an alkyl group having 1 to 3 carbon atoms; and

R7 is a hydrogen atom or an alkyl group having 1 to 3 carbon atoms, any 1 to 3 hydrogen atoms of which are
optionally substituted with a fluorine atom(s) or a chlorine atom(s),

or a pharmacologically acceptable salt thereof.

3. The cyclic amine derivative according to claim 1, wherein:

R'is a methoxy group, any 1 to 3 hydrogen atoms of which are optionally substituted with a fluorine atom(s);
R2 is a fluorine atom or a chlorine atom;

R3 is a hydrogen atom, a fluorine atom, or a hydroxy group;

R4 is a hydrogen atom or a fluorine atom;

n is an integer of 0 to 4;

RS is a hydrogen atom, -OR7, -N(R7)R8, an alkyl group having 1 to 3 carbon atoms, any 1 to 3 hydrogen atoms
of which are optionally substituted with a fluorine atom(s), or a 5-membered ring heteroaryl group, any hydrogen
atom(s) of which is/are optionally substituted with a methyl group(s);

R is a methyl group or an ethyl group;

R7 is a hydrogen atom or an alkyl group having 1 to 3 carbon atoms, any 1 to 3 hydrogen atoms of which are
optionally substituted with a fluorine atom(s); and

R8 is a hydrogen atom, a methyl group, an acyl group having 2 to 4 carbon atoms, or an alkylsulfonyl group
having 1 to 3 carbon atoms,

or a pharmacologically acceptable salt thereof.

4. The cyclic amine derivative according to claim 1, wherein:

R'is a trifluoromethoxy group;
R2 is a chlorine atom;

R3 is a hydrogen atom;

R4 is a hydrogen atom;

X is -C(=0)-(CH,),-R5;

n is an integer of 0 to 3;
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RS is a methyl group, a trifluoromethyl group, -N(R7)R8, or an imidazolyl, triazolyl, or tetrazolyl group, any
hydrogen atom(s) of which is/are optionally substituted with a methyl group(s);

R7 is a hydrogen atom, a methyl group, or an ethyl group; and

R8 is a hydrogen atom, a methyl group, an acetyl group, a propionyl group, a methylsulfonyl group, or an
ethylsulfonyl group,

or a pharmacologically acceptable salt thereof.

A medicament, comprising the cyclic amine derivative according to any one of claims 1 to 4 or a pharmacologically
acceptable salt thereof as an active ingredient.

A retinoid-related orphan receptor y antagonist, comprising the cyclic amine derivative according to any one of claims
1 to 4 or a pharmacologically acceptable salt thereof as an active ingredient.

Atherapeutic agent or preventive agentfor an autoimmune disease, comprising the cyclic amine derivative according
to any one of claims 1 to 4 or a pharmacologically acceptable salt thereof as an active ingredient.

A therapeutic agent or preventive agent for multiple sclerosis or psoriasis, comprising the cyclic amine derivative
according to any one of claims 1 to 4 or a pharmacologically acceptable salt thereof as an active ingredient.

A therapeutic agent or preventive agent for an allergic disease, comprising the cyclic amine derivative according to
any one of claims 1 to 4 or a pharmacologically acceptable salt thereof as an active ingredient.

A therapeutic agent or preventive agent for allergic dermatitis, comprising the cyclic amine derivative according to
any one of claims 1 to 4 or a pharmacologically acceptable salt thereof as an active ingredient.

A therapeutic agent or preventive agent for contact dermatitis or atopic dermatitis, comprising the cyclic amine
derivative according to any one of claims 1 to 4 or a pharmacologically acceptable salt thereof as an active ingredient.
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